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SUMMARY 


The  purpose  of  this  report  is  to  define  new  or  modified  design/ 
test  criteria  which,  when  applied  to  the  design  of  new  heli¬ 
copter  secondary  structures,  will  enhance  their  maintainability 
and  reliability. 

In  pursuance  of  this  aim,  criteria  pertinent  to  secondary 
structures  were  abstracted  from  existing  literature.  The 
contractor's  data  on  secondary  structures  were  analyzed,  and 
components  exhibiting  high  maintenance  and  failure  rates  were 
identified.  A  correlation  check  was  performed  between  existing 
criteria  and  experienced  failure  modes,  and  new  criteria  were 
defined  which  had  potential  for  eliminating  or  reducing  the 
experienced  failures  or  maintenance  actions. 

Based  on  the  review  of  the  contractor's  data,  two  components 
were  selected  for  testing  in  current  design  configuration  to 
verify  field  experience,  for  modification  in  accordance  with 
new  criteria,  and  for  retesting  to  verify  the  efficacy  of  such 
new  criteria.  In  this  test  verification  program,  the  effects 
of  corrosion  were  ignored.  The  components  selected  were  the 
pilot  rescue  door  and  fuselage  box  steps. 

The  door  test  consisted  of  250  hours  of  vibration  and  5,000 
open/close  cycles  for  current  and  modified  designs.  The 
current  design  test  verified  the  major  operational  field  fail¬ 
ures.  The  modified  design  test  showed  a  marked  improvement 
over  the  current  design  component,  and  thus  verified  the 
effectiveness  of  the  application  of  new  criteria. 

The  box  step  test  consisted  of  40,000  applications  of  loading 
on  the  step  area.  Both  current  and  modified  design  steps  were 
subjected  to  three  complete  tests,  each  one  at  a  higher  load 
level  than  the  preceding  one.  No  failures  were  induced  in 
either  of  the  configurations;  consequently  this  component  test 
program  was  inconclusive. 

A  failure  mode  and  effects  analysis  was  performed  on  the  selec¬ 
ted  components.  The  analyst  had  access  to  the  design  drawings 
and  knowledge  of  the  components '  functions  but  not  to  their 
maintenance  history.  The  results  of  this  analysis  checked 
reasonably  well  with  the  field  experience  on  the  components 
considering  the  deprivation  of  historical  data  upon  which  to 
base  predictions. 

The  implementation  of  the  proposed  new  criteria,  in  conjunction 
with  failure  mode  and  effects  analyses,  applied  to  the  design 
of  new  secondary  structures  shows  good  potential  for  enhancing 
the  maintainability  and  reliability  of  future  generations  of 
such  structures. 
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INTRODUCTION 


Reliability  and  Maintainability  (R&M)  of  helicopter  compon¬ 
ents  has  always  involved  a  trade-off  with  the  elements  of 
cost  and  performance.  In  fixed-cost  contracts,  R&M  improve¬ 
ments  have  normally  been  obtained  with  some  sacrifice  of 
performance.  A  small  improvement  in  R&M  has  generally  in¬ 
volved  a  large  expenditure  of  man-hours  in  the  design  and 
planning  stages  of  the  contract.  As  a  result,  most  efforts 
in  R&M  up-grading  have  been  concentrated  on  the  high-cost 
components  which  have  major  impact  on  aircraft  safety,  cost 
and  future  maintenance.  Typical  of  such  components  are  the 
rotor  and  associated  components,  transmission  and  engine 
mounts,  landing  gears,  and  certain  portions  of  prime  airframe. 

Historically,  much  less  effort  has  been  expended  on  other 
areas  of  the  helicopter.  Generally,  problems  arising  in  these 
more  lightly  considered  areas  of  the  helicopter  do  not  present 
major  problems  in  safety,  maintenance  or  cost  when  considered 
individually.  In  sum,  however,  the  aggregate  man-hours  re¬ 
quired  to  maintain  these  components  can  mount  at  a  startling 
rate. 

The  foregoing  statements  are  particularly  applicable  to  those 
components  designated  as  "secondary  structures".  A  survey 
conducted  by  the  U.S.  Army  indicated  that  the  upkeep  of 
secondary  structures  accounted  for  25%-30%  of  all  maintenance 
man-hours  expended  during  the  survey  period.  This  is,  of 
course,  an  unreasonable  expenditure  of  effort  on  structures 
which  theoretically  are  not  essential  to  flight  operation  of 
the  helicopter. 

In  an  attempt  to  obviate  this  problem,  the  U.S.  Army  Air  Mobil¬ 
ity  Research  and  Development  Laboratory  at  Fort  Eustis  awarded 
a  contract  to  investigate  the  reliability  and  maintainability 
of  helicopter  secondary  structures. 

The  objective  of  the  program  initiated  by  this  contract  is  to 
determine  the  feasibility  of  defining  new  or  revised  design/ 
test  criteria  to  be  applied  to  new  designs  to  improve  the 
reliability  and  maintainability  of  helicopter  secondary 
structures* 

The  scope  of  work  authorized  in  this  contract  may  be  briefly 
stated  as  follows j 
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1.  Review  all  existing  specifications  and  standards  for 
criteria  applicable  to  the  design  of  helicopter 
secondary  structures. 

2.  Review  and  analyze  contractor's  operational  and  over¬ 
haul  maintenance  data  of  secondary  structures  for  high 
maintenance  and  failure  rates  and  perform  a  failure 
mode  analysis  on  those  components  which  exhibit  par¬ 
ticularly  high  rates. 

3.  Compare  existing  design  criteria  with  the  moues  of 
failure  experienced  in  the  field.  From  this  compari¬ 
son,  define  new  or  modified  design  and  test  criteria 
which  have  potential  for  eliminating  or  reducing  the 
failures  and  maintenance  actions  uncovered  in  the 
operations  analysis. 

4.  Select  several  candidate  secondary  structures  to  which 
new  or  modified  design  and  testing  criteria  could  be 
applied  for  verification.  These  structures  will  be 
chosen  as  a  result  of  the  operational  analysis  per¬ 
formed  in  (2)  above.  The  structures  will  be  tested 

in  their  existing  design  configuration  and  also  in  a 
functionally  identical  modified  design  configuration. 

5.  Conduct  reliability  analyses  (Failure  Mode  and  Effect 
Analyses  or  FMEA)  on  current  design  secondary  struc¬ 
tures  to  determine  whether  the  analyses  correlate  with 
actual  service  experience  on  the  selected  components. 

This  report  addresses  itself  to  these  items. 


2 


LITERATURE  SEARCH  AND  EVALUATION 


REVIEW  OF  EXISTING  SPECIFICATIONS 


Presented  in  this  section  are  the  criteria  relating  to  second¬ 
ary  structures  which  were  culled  from  existing  specifications. 

For  convenience/ a  summary  of  these  criteria  is  also  included. 

All  applicable  specifications  which  might  contain  references 
to,  or  criteria  for,  the  design  of  secondary  structures  were 
perused  and  the  relevant  data  extracted.  It  should  be  pointed 
out  at  this  time  that  although  the  term  "secondary  structures" 
has  been  used  in  the  aircraft  industry  for  many  years  and 
everyone  is  familiar  with  its  meaning  and  implications,  nowhere 
in  the  specifications  were  any  structural  components  defined  as 
"secondary" . 

References  1  through  25  comprise  the  specifications  perused  in 
this  search.  The  various  specifications  tended  to  iterate  the 
same  criteria  with  just  minor  variations  in  wording,  and  apart 
from  cargo  doors  and  radomes  no  attempt  is  made  to  define  load¬ 
ing  (spectra)  criteria. 

MIL-A-008861A  (USAF) 

3.18  Deformation  of  doors,  cowlings,  locks,  and  fasteners. 
Doors ,  locking  mechanisms,  such  as  landing  gear  up-locks 
and  down-locks,  and  cowling  fasteners  shall  not  deflect 
adversely  from  their  intended  positions  at  loads  up  to 
limit  load  for  each  loading  condition  for  which  limit 
loads  are  specified.  Unlocking,  unlatching,  or  release 
of  coverings,  and  unlocking  or  unfastening  of  mechanisms 
shall  not  occur  at  loads  up  to  and  including  design  ulti¬ 
mate  for  loading  conditions  for  which  limit  or  design 
ultimate  loads  are  specified.  Doors,  other  than  passen¬ 
ger,  cargo,  or  baggage  doors;  cowling;  and  other  coverings 
shall  remain  in  place  under  design  ultimate  flight  loads 
if  10  percent  of  the  fasteners  are  unfastened  or  if  one 
quick-release  fastener  selected  at  random  on  each  side  of 
a  door  or  panel  secured  by  these  fasteners  is  unfastened. 

MIL-A-008865A (USAF) 

3.8.2  Cargo  doors  and  radomes.  The  cargo  loading  doors, 
entrance  doors,  radomes,  etc.,  shall  be  in  their  open 
position  and  any  intermediate  positions  specified  in  the 
detail  or  end  item  specification  and  shall  be  designed 
for  the  loads  resulting  from  a  35-knot  steady  wind  and 
70-knot  gusts  from  any  horizontal  direction.  The  doors 


3 


and  radome  actuating  mechanisms  shall  include  design  for 
operation  during  35-knot  steady  wind  in  any  horizontal 
direction  combined  with  a  vertical  load  factor  of  1.0 
+  0.5g  and  a  horizontal  load  factor  (in  the  most  critical 
direction) of  +  0.5g. 

MIL-A-008867A (USAF) 

3 . 4 . 5 . 6  Deformation  of  doors,  cowlings  ,  locks ,  and  fasten¬ 
ers.  During  structural  tests,  it  shall  be  demonstrated 
that  doors,  cowlings,  movable  and  removable  coverings,  and 
items  of  mechanical  equipment,  such  as  landing  gears,  remain 
in  their  intended  positions  and  do  not  gap  at  limit  load 
to  the  extent  that  they  would  induce  deleterious  aero¬ 
dynamic  effects  or  interfere  with  the  operation  of  some 
other  component. 

MIL-S-8698 (ASG) 

3 . 1 . 3 . 3  Doors,  cowling,  locks,  and  fasteners.  Doors , 
cowling,  locks,  and  fasteners,  including  landing  gear  up 
and  down  locks  and  cowling  fasteners,  shall  not  deflect 
from  their  intended  positions  in  such  manner  as  to  permit 
unwanted  opening,  closing,  or  release  of  coverings  or  un¬ 
locking  or  unfastening  of  mechanisms  at  all  loads  up  to 
ultimate . 

MIL-T-8679 

3.1.10.7  Deformation  of  doors,  cowlings,  locks,  and 
fasteners .  It  shall  be  shown  during  structural  tests  that 
doors,  cowling,  movable  and  removable  coverings,  and  items 
of  mechanical  equipment,  such  as  landing  gears,  remain  in 
their  intended  positions  consistent  with  specified  struc¬ 
tural  design  requirements. 

3. 2. 9. 3. 4  Doors,  fairings,  and  removable  sections.  Ulti¬ 
mate  load  tests  shall  be  conducted  for  those  items  not  pre¬ 
viously  tested  for  critical  flight  conditions. 

AIRWORTHINESS  STANDARDS;  NORMAL  CATEGORY  ROTORCRAFT  PART  27 

27.1193  Cowling  and  engine  compartment  covering. 

(a)  Each  cowling  and  engine  compartment  covering  must  be 
constructed  and  supported  so  that  it  can  resist  the 
vibration,  inertia,  and  air  loads  to  which  it  may  be 
subjected  in  operation. 

(b)  There  must  be  means  for  rapid  and  complete  drainage  of 
each  part  of  the  cowling  or  engine  compartment  in  the 
normal  ground  and  flight  attitudes. 
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(c)  No  drain  may  discharge  where  it  might  cause  a  fire 
hazard. 

(d)  Each  cowling  and  engine  compartment  covering  must  be 
at  least  fire  resistant. 

(e)  Each  part  of  the  cowling  or  engine  compartment  cover¬ 
ing  subject  to  high  temperatures  due  to  its  nearness 
to  exhaust  system  parts  or  exhaust  gas  impingement 
must  be  fireproof. 

27.1194  Other  surfaces.  All  surfaces  aft  of  and  near 
powerplant  compartments,  other  than  tail  surfaces  not  sub¬ 
ject  to  heat,  blames,  or  sparks  emanating  from  a  power- 
plant  compartment,  must  be  at  least  fire  resistant. 

SD-24J,  21  JANUARY  1961 

3.11.6  Cowling  and  Cowl  Flaps.  Cowling  and  cowl  flaps 
include  engine  cowl,  accessory  compartment  cowl,  and 
cowl  flaps. 

3.11.6.1  Cowling  Design.  Cowling  shall  be  readily  re¬ 
movable  in  part  or  entirely  to  permit  access  to  the  power- 
plant.  Removable  p  :s  of  the  cowling  shall  be  of  size 
and  shape  convenient,  to  handle  and  shall  be  arranged  to 
prevent  loss  overboard.  Reciprocating-engine  cowling 
shall  provide  a  tight  seal  with  the  baffles  furnished  with 
the  engine.  The  bottom  of  the  cowling,  forward  of  the 
firewall  for  reciprocating  engines,  shall  be  self-draining. 
All  cowling  shall  be  ventilated  to  prevent  accumulation 

of  gases,  to  ensure  proper  cooling  of  the  engine  and  its 
vibration  isolators,  and  to  prevent  high  temperatures  in 
the  engine  compartment,  accessory  compartment,  or  in  in¬ 
habited  spaces.  Vents  and  joints  in  cowling  shall  be 
located  out  of  the  path  of  the  exhaust  gases,  and  joints 
shall  be  flametight.  Cowling  in  the  region  of  the  exhaust 
outlet  which  might  be  subjected  to  exhaust  flame  shall  be 
of  corrosion-resistant  steel,  or  other  equivalent  heat- 
resistant  alloy.  Cowling  shall  permit  the  maximum  engine 
deflections  without  overstressing  the  cowling.  Cowling 
shall  not  interfere  with  gunsights  or  parts  of  the  power 
plant.  Recessed  pockets  shall  be  provided  in  the  cowling 
of  seaplanes  to  serve  as  receptacles  for  loose  materials 
normally  handled  during  power  plant  inspection  and  main¬ 
tenance. 

3.11.6.2  Cowling  attachment  (reciprocating  engines) . 
Cowling  shall  be  securely  attached  to  the  engine  or  to  the 
airplane  structure,  but  not  both  at  the  same  time  if  /ibra- 
tion  isolators  are  employed.  Cowling,  fastenings,  and 
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supports  shall  provide  minimum  drag,  maximum  protection 
from  the  weather  for  the  engine,  protection  to  the  crew 
from  oil  and  fire  in  the  engine  compartment,  and  minimum 
interference  with  vision  ahead  and  alongside.  Metal- to- 
metal  contact  in  all  areas  subject  to  fretting  or  wear 
due  to  flexing  and  engine  vibration  shall  be  insulated, 
using  materials  which  are  inert  from  a  corrosion  stand¬ 
point  and  resistant  to  heat,  lubricants,  cleaning  solvents, 
etc  Where  practicable,  the  rubbing  strips  shall  be  fas¬ 
tened  to  the  fixed  members  rather  than  the  removable  mem¬ 
bers.  Particular  attention  shall  be  given  to  the  preven¬ 
tion  of  rotary  and  fore-and-aft  movement  of  the  cowling 
and  to  the  prevention  of  failure  due  to  expansion  of  the 
engine . 

3.11.6.3  Cowl  flaps  (reciprocating  engines) .  Cowl  flaps 
shall  have  minimum  lost  motion  m  operating  the  inter¬ 
connecting  parts,  considering  wear  and  vibration  incident 
to  service.  Wear  shall  be  localized  in  the  hinge-pins  or 
other  parts  easily  replaceable.  When  cowl  flaps  are  not 
readily  visible  to  the  proper  member  of  the  crew,  an  elec¬ 
trical  position  indicator  (or  mechanical  indicator  when 
approved  by  BuWeps)  shall  be  provided  to  show  the  position 
of  the  flaps. 

3.11.7  Integral  engine  working  platforms.  Consideration 
shall  be  given  to  providing  integral  engine  working  plat¬ 
forms  for  engine  maintenance  which  cannot  be  readily  per¬ 
formed  from  the  ground  (deck)  or  airplane  surfaces. 

SD-24J,  VOL  II,  27  JUNE  1963 


3.11.6  Cowling.  Cowling  includes  engine  cowl  and  acces¬ 
sory  compartment  cowl. 

3.11.6.1  Cowling  Design.  Cowling  shall  be  readily  remov¬ 
able  in  sections  or  may  be  hinged  to  permit  access  to  the 
power  plant.  Removable  sections  of  the  cowling  shall  be 
of  size  and  shape  convenient  to  handle  and  shall  be 
arranged  to  prevent  loss  overboard.  All  cowling  shall  be 
ventilated  to  prevent  accumulation  of  gases  in  the  engine 
compartment,  accessory  compartment,  or  inhabited  spaces. 
Vents  ana  joints  in  cowling  shall  be  located  out  of  the 
path  of  the  exhaust  gases,  and  joints,  shall  be  flame- 
tight.  Cowling  in  the  region  of  the  exhaust  outlet  and 
all  portions  of  the  cowling  which  might  be  subjected  to 
exhaust  gas  impingement  and  to  exhaust  flames  in  the 
event  of  an  exhaust  system  failure  shall  be  corrosion- 
resistant  steel,  titanium  or  other  equivalent  heat- 
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resistant  alloy  material.  Cowling  shall  permit  the  maxi¬ 
mum  engine  deflections  without  overstressing  the  cowling. 
Cowling  shall  not  interfere  with  any  parts  of  the  engine 
or  its  installation. 

3.11.6.2  Cowling  Attachment  (reciprocating  engines) . 
Cowling  shall  be  securely  attached  to  the  engine  or  to 
the  rotary-wing  aircraft  structure,  but  not  to  both  at 
the  same  time.  Cowling  fasteners  and  supports  shall  pro¬ 
vide  minimum  drag,  maximum  protection  from  the  weather 
for  the  engine,  protection  to  the  crew  from  oil  and  fire 
in  the  engine  compartment,  and  minimum  interference  with 
vision  ahead  and  alongside.  Metal-to-metal  contact  in 
all  areas  subject  to  fretting  or  wear  due  to  flexing  and 
engine  vibration  shall  be  insulated,  using  materials  which 
are  inert  from  a  corrosion  standpoint  and  resistant  to 
heat,  lubricants,  cleaning  solvents,  etc.  Where  practic¬ 
able,  the  rubbing  strips  shall  be  fastened  to  the  fixed 
members  rather  than  to  the  removable  members.  Particular 
attention  shall  be  given  to  the  prevention  of  unplanned 
rotary  and  fore-and-aft  movement  of  the  cowling  and  to 
the  prevention  of  failure  due  to  expansion  of  the  engine. 

3.11.7  Integral  Working  Platforms.  Integral  engine  work¬ 
ing  platforms ,  for  engine  maintenance  which  cannot  be 
readily  performed  from  the  ground  (deck) ,  shall  be  pro¬ 
vided. 

AFSC  DH  2-1,  DN  3A3 

CHAP  3  -  DETAIL  DESIGN,  SECT  3A  -  SUBSTRUCTURES 

8.  Cowling.  Cowling  is  covering  which  is  not  an  integral 
part  of  the  aircraft  structure  and  is  removable  in  pieces 
or  hinged  to  permit  access  to  the  interior  of  the  aircraft. 
Design  individual  pieces  for  convenient  removal  and  instal¬ 
lation  by  one  man.  Cowling  panels  may  be  of  the  detach¬ 
able  or  hinged  types.  Provide  detachable  types  with 
approved  cowling  fasteners.  Use  MS20257  continuous  type 
hinges  only  when  the  hinge  line  is  straight  and  not  over 
2  ft  long,  and  the  joint  does  not  require  disassembly. 

Do  not  consider  these  as  flush  type  hinges.  Spot  welding 
may  be  used  in  the  fabrication  of  cowling,  subject  to 
structural  and  welding  requirements. 

8.2  Joints .  Design  cowling  joints  to  minimize  air  leaks 
due  to  the  difference  in  air  pressure  between  the  inside 
and  outside  of  the  cowling.  Do  not  overlap  joints  unless 
the  inside  element  is  much  less  frequently  removed  than 
the  outer  element. 
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8.3  Strength.  Design  cowling  and  its  supporting  struc¬ 
tures  to  the  strength  requirements  of  MIL-A-8865.  Ensure 
that  detachable  pieces  do  not  distort  enough  to  be  perma¬ 
nently  deformed  by  normal  handling.  Design  all  cowling  to 
avoid  stress  concentrations  and  to  withstand  anticipated 
vibratory  and  air  loads  or  critical  combinations  thereof. 
Attach  hinged  panels  with  hinges  and  fasteners  of  strength 
adequate  to  withstand  all  flight  and  wind  loads.  Design 
the  cowling  panels  and  component  parts  of  the  cowling 
assembly  so  that  no  localized  resonances  are  possible. 

8.4  Engine  Cowling.  In  addition  to  the  requirements  pre¬ 
viously  set  forth,  design  engine  cowlings  to  conform  to 
the  following  requirements: 

a.  Use  rivet  heads  flush  on  the  outside  on  all  riveted 
joints  exposed  to  the  airstream. 

b.  Minimize  vibration  difficulties  associated  with  engine 
cowling  by  supporting  the  cowling  independently  of  the 
engine.  The  cowling  may  be  supported  both  by  the  en¬ 
gine  mount  structure  and  by  the  aircraft  structure  pro¬ 
vided  effective  vibration  isolators  are  interposed  be¬ 
tween  the  power  plant  and  the  engine  mount  structure; 
ensure  that  seals  between  the  engine  cooling  baffles 
and  the  cowling  are  sufficiently  flexible  or  flexibly 
mounted  to  preclude  transmission  of  engine  vibration 
into  the  cowling  structure.  Vibration  isolators  sup¬ 
porting  the  engine  cowling  are  subject  to  the  same 
temperature  requirements  that  are  applicable  to  engine 
mount  vibration  isolators. 

c.  Design  ducting  to  avoid  stress  concentrations  which 
might  otherwise  result  in  fatigue  failures. 

d.  Design  all  cowling  to  allow  for  expansion  of  engines 
without  straining  of  supports  and  fasteners  or  display¬ 
ing  wrinkles. 

e.  Design  cowling  to  confine  possible  fires  to  the  engine 
compartment . 

f.  Do  not  modify  engines  for  the  attachment  of  cowling 
supports . 

8.5  Cowling  Fasteners.  Devices  such  as  cables,  turn- 
buckles,  bolts,  machine  screws,  wing  nuts,  and  trunk 
clasps,  which  project  into  the  airstream  and  prevent  a 
smooth  contour  or  which  require  an  appreciable  amount  of 
time  to  loosen  or  tighten,  are  not  satisfactory  cowling 
fasteners.  Do  not  use  these  without  special  permission 
from  the  procuring  activity.  Design  and  install  ring 
cowling  fasteners  to  provide  means  for  positive  locking 
and  adequate  take-up  and  adjustment  of  the  cowling.  Make 
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fasteners  accessible  to  permit  quick  removal  of  the  cowl- 
ling.  Ensure  that  quick-acting  fasteners  used  on  the  ex¬ 
ternal  surfaces  of  aircraft  to  attach  cowling,  access 
doors,  etc.,  are  flush  with  the  surface  when  the  fasten¬ 
ers  are  locked.  Use  panel  fasteners  conforming  to  MIL- 
F-5591  on  relatively  flat  flexible  cowling,  inspection 
doors,  quick-detachable  plates,  etc.  Base  the  size  of 
fasteners  and  their  spacing  in  the  cowling  on  their 
strength  values,  as  listed  in  MIL-F-5591  ,  and  on  the 
loads  to  which  they  are  subjected  by  the  cowling.  Toggle 
linkage,  flush-type,  quick-acting  fasteners  which  meet 
safety  and  strength  requirements  are  permissible  on 
hinged  cowling.  Use  quick-acting  flush  fasteners  of  the 
trunk  or  latch  type  on  large,  stiff  cowling  of  compound 
curvature.  Do  not  use  quick-acting  fasteners  which  de¬ 
pend  upon  spring-loaded  tabs  or  levers  for  locking  and 
which  may  be  unlocked  or  unsafetied  by  shock  or  positive 
or  negative  blast  pressures  on  fighter  or  bomber  air¬ 
craft  which  are  potential  atomic  weapon  carriers.  To 
simplify  maintenance,  incorporate  bolts  or  screws  of 
equal  length  on  each  panel  secured  with  threaded  fasten¬ 
ers  having  the  same  diameter. 

SD-24K  VOL  II,  6  DECEMBER  1971 


3 . 7 . 1 . 8  Windows  and  Ports.  To  the  extent  that  thermal 
considerations  permit  (see  3. 2. 2. 1.9),  windows  and  ports 
shall  be  constructed  of  monolithic  stretched  acrylic 
plastic.  The  selection  of  other  constructions  requires 
NAVAIR  approval.  Windows  and  ports  shall  be  watertight 
and  mounted  so  that  they  may  be  replaced,  preferably  from 
the  inside,  without  mutilation  of  the  fuselage  and  so  that 
they  will  not  fail  due  to  applied  loads,  distortion,  or 
vibration  of  the  aircraft  in  service.  Windows  and  ports 
shall  be  capable  of  being  readily  opened  for  purposes  of 
ventilation,  refueling,  etc.,  when  specified  in  the  de¬ 
tail  specification.  Window  guards  shall  be  provided  in 
series  CH  and  UH  aircraft  to  protect  windows  from  damage 
by  cargo.  The  guards  shall  permit  cleaning  of  the  win¬ 
dow?;  from  inside. 

SD-24J  VOL  II,  27  JUNE  1963 


3. 7. 1.3. 1.1  Cockpit  and  Cabin  Enclosures.  Provision 
shall  be  made  to  protect  weather  seals  from  damage  as  a 
result  of  normal  maintenance  activities  and  from  normal 
entrance  and  egress  of  the  crew. 

3. 7. 1.3. 1.1.1  Cockpit  and  Cabin  Enclosures.  Means  shall 
be  provided  to  readily  jettison  the  movable  sections  from 
the  rotary-wing  aircraft  from  both  inside  and  outside  the 
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cockpit  in  the  event  of  a  crash  to  facilitate  crew  exit 
and  rescue  operations. 

Movable  sections  shall  be  readily  jettisonable  in  flight 
and  shall  not  contact  the  rotors  or  horizontal  tail  sur¬ 
faces.  Instantaneous  actuation  is  desired. 

Movable  sections  of  the  sliding  type  shall  positively  lock 
in  the  fully  open  and  fully  closed  positions, and  the  lock¬ 
ing  provision  shall  withstand  20g  crash  deceleration  loads. 
Provision  shall  be  made  at  the  fully  open  and  fully  closed 
positions  of  movable  sections  to  protect  the  tracks  and 
rollers  from  failure  due  to  wear  caused  by  vibration. 

3. 7. 1.6  Doors  and  Hatches.  All  doors  and  hatches  shall 
be  provided  with  a  seal  to  prevent  entrance  of  sand,  dirt 
or  spray.  Joints  of  doors  and  hatches  shall  be  smooth 
with  no  gaps  to  cause  a  breakdown  of  airflow.  Latches, 
hinges  and  locks  shall  be  of  corrosion-resistant  materials 
or  adequately  protected  against  corrosion  and  shall  have 
positive  means  for  lubrication.  Single,  simple-action 
door  latches  shall  be  used. 

SD-24K  VOL  II,  6  DECEMBER  1971 

3. 7. 1.6  Doors  and  Hatches.  All  doors  and  hatches  shall 
be  provided  with  a  seal  to  prevent  entrance  of  sand,  dirt 
or  spray.  Seals  shall  be  positively  retained  by  methods 
other  than  or  in  addition  to  adhesive  bonding  and  shall 
be  easily  removed  and  replaced. 

3 . 7 . 1 . 7 . 2  Emergency  Manual  Egress  Systems.  In  addition 
to  being  jettisonable,  all  escape  hatches  and  doors  that 
can  be  opened  in  flight  shall  have  a  hold-open  lock  of 
sufficient  strength  to  prevent  the  closing  of  the  hatch 
from  loads  experienced  during  a  survivable  crash  or  ditch¬ 
ing.  A  deceleration  force  of  40g  shall  be  considered 
survivable . 

References  from  both  SD-24J  and  SD-24K  are  quoted  to  show  that 
either  20g  or  40g  could  be  interpreted  as  a  crash  criterion  for 
door  structures. 
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SUMMARY  OF  EXISTING  SPECIFICATIONS 


A  summary  of  existing  criteria  applicable  to  the  design  of 
secondary  structures  may  be  presented  as  follows: 

(1)  Structures  shall  not  deform  excessively  under  design 
limit  loads.  Large  gaps  shall  not  be  created  between 
adjoining  structural  components. 

(2)  Fasteners  shall  be  such  that  removable  structural  com¬ 
ponents  shall  not  unlatch  under  design  limit  loads. 
Ideally  all  fasteners  shall  be  of  same  size,  type  and 
length. 

(3)  Removable  structural  components  shall  be  capable  of 
withstanding  "normal"  handling  loads. 

(4)  Movable  sections  of  the  sliding  type  shall  positively 
lock  in  the  fully  open  and  fully  closed  positions,  and 
the  locking  provisions  shall  withstand  crash  deceler¬ 
ation  loads.*  Provision  shall  be  made  at  the  fully 
open  and  fully  closed  positions  of  movable  sections 
to  protect  the  tracks  and  rollers  from  failure  due  to 
wear  caused  by  vibration. 

(5)  Seals  shall  be  positively  retained  by  methods  other 
than  or  in  addition  to  adhesive  bonding  and  shall  be 
easily  removed  and  replaced.  Seals  located  at  door 
edges  should  not  suffer  damage  as  a  result  of  normal 
personnel  ingress  and  egress. 

(6)  Emergency  releases  for  escape  exits  shall  be  operable 
by  a  force  not  exceeding  30  pounds. 

(7)  Cargo  loading  doors,  entrance  doors,  radomes,  etc., 
shall  be  in  their  open  and  any  intermediate  positions 
specified  in  the  detail  or  end  item  specification  and 
shall  be  designed  for  the  loads  resulting  from  a  35- 
knot  steady  wind  and  70-knot  gusts  from  any  horizontal 
direction.  The  doors  and  radome  actuating  mechanism 
shall  include  design  for  operation  during  35-knot 
steady  wind  in  any  horizontal  direction  combined  with 
a  vertical  load  factor  of  1.0  +  0.5g  and  a  horizontal 


*  Crash  deceleration  loads  are  defined  as  20g  or  40g,  Refer¬ 
ence  SD-24K  Vol  II,  Paras.  3 . 7 . 1 . 3 . 1 . 1 . 1  and  3. 7. 1.7. 2. 
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load  factor  (in  the  most  critical  direction)  of  +  0.5g. 

The  above  items  briefly  present  all  of  the  data  which  can  be 
extracted  from  existing  specifications. 


CRITIQUE  OF  EXISTING  SPECIFICATIONS 


Reference  to  the  Summary  of  Existing  Criteria  discloses  the 
paucity  of  relevant  criteria  which  are  available  for  use  in  the 
design  stages  of  secondary  structures.  Although  the  terms  pri¬ 
mary  structure  and  secondary  structure  have  been  in  common  use 
in  the  aircraft  industry  for  many  years  and  altnough  all  appro¬ 
priate  governmental  agencies  are  thoroughly  familiar  with  their 
definitions,  still,  none  of  the  official  technical  specifica¬ 
tion  documents  take  cognizance  of  the  items. 

Again,  in  the  specifications,  when  mention  is  made  of  struc¬ 
tural  components  which  are  obviously  in  the  secondary  structure 
category,  with  only  a  few  exceptions,  no  reference  is  made  to 
loading  conditions  applicable  to  such  components.  These  ex¬ 
ceptions  are  encountered  in  MIL-A-8865  where  air-loadings  are 
specified  for  cargo  doors  and  radomes  and  in  SD-24K  (Vol  II) 
where  it  is  specified  that  escape  hatches  and  doors  which  can 
be  opened  in  flight  shall  have  a  hold-open  lock  of  sufficient 
strength  to  prevent  the  closing  of  such  hatches  from  loads 
experienced  in  a  40g  crash  or  ditching. 

it-  Most  references  in  the  specifications  are  to  items  such  as 

engine  cowlings,  and  the  concern  for  these  items  centers  on  de¬ 
flections  and  methods  of  edge  attachments.  Items  of  secondary 
structure  which  in  their  intended  usage  are  quite  heavily  load¬ 
ed,  such  as  work  platforms,  are  completely  glossed  over.  It 
is,  of  course,  understood  that  any  component  of  secondary  struc¬ 
ture  which,  in  its  nonoperative  position,  forms  part  of  the 
exterior  envelope  of  the  aircraft  must  be  capable  of  sustaining 
the  loadings  induced  throughout  the  flight  regime.  Also,  in 
some  instances,  the  components  must  not  come  loose  under  crash 
conditions.  However,  again  considering  work  platforms,  due  to 
the  methods  of  retention  in  the  stowed  configuration,  these 
gross  loading  conditions  may  be  much  less  severe  than  the  loads 
imposed  on  such  a  platform  in  its  operating  position.  No  men¬ 
tion  is  made  of  the  weight  of  a  man  to  be  considered  on  a  work 
platform  or  the  design  load  factor  to  be  used  therewith.  These 
same  comments  are  also  applicable  to  steps  and  walkways. 
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Specification  SD-24K  mentions  in  relation  to  sliding  doors,  "Pro¬ 
vision  shall  be  made  at  the  fully  open  and  fully  closed  posi¬ 
tions  of  movable  sections  to  protect  the  tracks  and  rollers 
from  failure  due  to  wear  caused  by  vibration".  This  simple 
statement  encompasses  a  very  laudable  object  and  a  very  diffi¬ 
cult  task.  So  long  as  any  clearance  envelope  exists  between 
the  contours  of  the  tracks  and  rollers,  then,  in  a  vibratory 
environment,  relative  motion  and  subsequent  wear  will  occur. 

It  may  be  possible  to  reduce  the  magnitude  of  this  problem,  but 
it  is  more  than  likely  that  the  required  expenditure  of  time 
and  money  will  not  yield  proportionate  benefits  in  field  ser¬ 
vice  . 

In  summation,  with  regard  to  specific  design  criteria  appli¬ 
cable  to  secondary  structures,  the  existing  specifications  are 
uninformative  and  vague.  The  proposed  new  criteria  will  hope¬ 
fully  remedy  this  defect. 

As  a  consequence  of  the  lack  of  well  defined  criteria  in  exist¬ 
ing  specifications,  the  responsibility  for  definition  has  his¬ 
torically  devolved  upon  the  individual  design  companies.  In 
virtually  all  aircraft  companies  the  resultant  in-house  defini¬ 
tions  of  criteria  an  .  load  spectra  have  tended  to  produce 
secondary  structures  which  are  adequate  within  a  rather  narrow 
spectrum  of  loading.  Examples  of  this  would  be  items  such  as 
doors,  work  platforms,  walkways  and  steps  which  are  demonstra¬ 
bly  adequate  for  the  design-visualized  loadings  but  which  fail 
in  service  because  the  effects  of  repeated  loadings  had  not 
been  considered.  Very  often  this  has  resulted  in  the  produc¬ 
tion  of  lightweight  secondary  structures  which  are  adequate 
for  the  narrow  range  of  chosen  criteria  but  on  which  very 
little  effort  has  been  expended  to  enhance  reliability  and 
maintainability. 


ANALYSIS  OF  OPERATIONAL  AND  OVERHAUL  MAINTENANCE  DATA 


In  the  appendix  are  pages  containing  data  relevant  to  secondary 
structures  abstracted  from  Reference  26.  Reference  26  is  a 
study  performed  under  contract  to  the  U.S.  Navy.  The  purpose 
of  the  study  was  to  analyze  historical  records  on  the  H-2  heli¬ 
copter  as  a  basis  for  identifying  existing  or  potential  problem 
areas  in  Fleet  or  Progressive  Aircraft  Rework  (PAR)  maintenance 
of  the  H-2  airframe.  Company  inspection  records  prepared  dur¬ 
ing  PAR  on  the  H-2  and  Navy  supplied  3-M  data  provided  the 
basic  source  data  for  the  survey.  These  data  were  processed 
and  analyzed  to  determine  areas  of  frequent  repair  or  parts 
replacements,  reports  of  excessive  corrosion  treatments  and 
items  contributing  significantly  to  unscheduled  maintenance 
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man-hours,  downtime  and  PAR  costs.  This  study  concerns  itself 
only  with  those  components  on  the  helicopter  which  exist  below 
the  roof-line.  Consequently,  above-roof  items  such  as  engine 
cowlings  and  work  platforms  are  not  reported  upon.  However, 
company  and  Navy  maintenance  records  indicate  that  no  significant 
problems  exist  on  those  secondary  structural  components  above 
the  roof-line. 

Perusal  of  the  abstracted  pages  in  the  appendix  shows  that  the 
data  presented  are  extremely  comprehensive. 

Each  page  deals  with  only  one  area  of  concern,  and  for  each 
discrete  area  the  following  data  are  available: 

1.  Nature  of  discrepancy. 

2.  Contributing  factors. 

3.  Percentage  of  PAR's  on  which  discrepancies  are  found 
and  average  number  of  discrepancies  per  PAR. 

4.  Primary  failure  modes  and  dispositions. 

5.  Field  history  of  component  with  five-high  failure 
causes. 

6 .  Recommendations . 

This  is  of  course  a  rather  comprehensive  analysis  of  the  oper¬ 
ational  and  maintenance  history  of  these  secondary  structural 
components  and  enables  one  to  rapidly  isolate  those  components 
which  have  been  particularly  troublesome. 
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COMPARISON  OF  EXISTING  DESIGN  CRITERIA  WITH  FAILURE  MODES  IN 
THE  FIELD 


Perusal  of  the  operational  and  overhaul  maintenance  data  in 
the  appendix  shows  that  the  following  modes  of  failure  are 
the  most  common  encountered  in  field  service: 

1.  Broken/cracked 

2 .  Worn 

3.  Deteriorated 

4.  Misaligned/misad justed 

5.  Missing  hardware 

6.  Corrosion 

In  this  enumeration  of  failure  modes,  corrosion  is  listed  last, 
although  in  the  actual  data  listing  it  places  high  among  fail¬ 
ure  causes  on  the  surveyed  items.  This  ranking  of  corrosion  at 
the  bottom  of  the  list  is  deliberate  since  corrosion  failures 
cannot  be  prevented  by  criteria  definitions.  Corrosion  is 
obviated  by  proper  choice  of  materials  singly  or  in  close 
contact,  protective  treatments,  and  exercise  of  design  skills 
in  prevention  of  moisture  entrapment  and  :  ealing  techniques. 

Again,  none  of  the  existing  criteria  address  themselves  to  fail¬ 
ure  modes  No.  3  or  No.  4.  Deterioration  is  a  time/environment 
dependent  condition  and  can  be  lessened  by  judicious  choice  of 
materials.  Misalignment  or  misad justment  of  components  in  the 
field  generally  results  from  lack  of  training,  misunderstanding 
or  carelessness,  and  no  design  criteria  could  ever  cover  these 
eventualities . 

There  are  no  existing  secondary  structure  criteria  whose  appli¬ 
cation  would  prevent  the  loss  of  hardware  in  the  field  (i.e., 
failure  mode  No.  5) .  However,  in  primary  structural  components 
and  in  particular  in  control  linkages,  it  is  customary  to 
specify  that  removable  fasteners  be  installed  with  the  head  up 
to  prevent  loss  of  the  fastener  following  disengagement  of  the 
nut.  If  this  practice  was  followed  generally  throughout  the 
helicopter  and  not  only  in  critical  primary  structure  applica¬ 
tions,  it  could  help  abate  the  problem  of  missing  hardware. 

This  leaves  the  failure  categories  of  broken/cracked  and  worn 
for  consideration.  As  is  pointed  out  in  the  Critique  of  Exist¬ 
ing  Specifications,  there  is  only  one  reference  to  concern  for 
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wear  and  that  relates  specifically  to  roller/track  combinations 
for  movable  sections.  However,  this  statement,  that  provision 
shall  be  made  to  protect  rollers  and  tracks  from  failure  due 
to  wear  caused  by  vibration,  is  so  general  as  to  be  useless. 
Nothing  in  existing  criteria  could  have  been  applied  to  fore¬ 
stall  or  obviate  the  problem  of  worn  components  in  the  field. 

Finally,  there  is  the  broken/cracked  category  of  failure  mode. 
None  of  the  failures  which  were  recorded  in  this  category  could 
be  identified  as  being  caused  by  static  or  pure  overload  condi¬ 
tions.  Instead,  the  attributed  causes  of  failure  were  vibra¬ 
tion  or  fatigue,  impact,  or  abuse.  Once  again,  no  existing 
formalized  design  criteria  are  applicable  to  preventing  this 
type  of  failure. 

In  summary,  none  of  the  failure  modes  experienced  in  the  field 
can  be  attributed  to  lack  of  application  or  mis-application 
of  any  of  the  existing  design  criteria  presently  available  in 
military  specifications  and  applicable  to  the  design  of 
secondary  structures.  This  highlights  the  general  inadequacy 
of  the  available  criteria. 
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PROPOSED  NEW  CRITERIA 


Criteria  were  defined  which  would  be  applicable  in  the  design 
of  new  secondary  structure  components.  All  criteria  which  are 
considered  feasible  and  practicable  are  presented, including 
those  already  in  use  (although  not  presently  formalized)  at 
Kaman  Aerospace  Corporation  and  probably  most  other  helicopter 
design  companies. 

In  the  definition  of  these  proposed  new  criteria,  effort  was 
expended  to  correct  the  general  shortcomings  found  in  existing 
criteria.  These  shortcomings  are,  in  general,  a  lack  of  def¬ 
inition  in  loading  conditions  and  a  vague  generality  of  in¬ 
tent  where  secondary  structures  are  involved.  These  faults  are 
discussed  in  more  detail  in  the  sections  dealing  with  criticism 
of  existing  specifications  and  comparison  of  field  failure  modes 
with  existing  criteria. 

These  criteria  are  a  distillation  of  the  experiences  and  judge¬ 
ments  of  design,  reliability  and  maintenance  personnel.  In 
relation  to  maintenance  personnel,  many  useful  thoughts  were 
garnered  by  inviting  their  candid  comments  on  present  design 
structures.  Contributions  were  also  made  by  service  engineer¬ 
ing  personnel.  These  are,  of  course,  the  people  who  must  live 
in  daily  contact  with  the  designs  produced  by  their  company 
and  consequently  are  conversant  with  all  reported  problems  from 
field  use. 

The  following  criteria  are  proposed  as  being  applicable  to  new 
designs  for  secondary  structures: 

PROPOSED  NEW  DESIGN  CRITERIA 

(1)  Secondary  structural  components  such  as  work  plat¬ 
forms,  auxiliary  walkways,  steps,  and  any  similar 
man-loaded  item  shall  be  capable  of  sustaining  a 
200-lb  man  (i.e.,  the  U.S.  Army's  95th  percentile 
man)  in  conjunction  with  a  limit  load  factor  of  2.0. 

A  200-lb  load  shall  be  considered  to  be  applied  for 
25,000  cycles  to  ensure  adequate  endurance  life  of 
items  such  as  hinges,  support  lugs  and  backup  struc¬ 
tures  . 

(2)  Removable  secondary  structural  items  such  as  cowlings 
and  other  panels  of  appreciable  size  shall  be  capable 
of  withstanding  a  drop  from  "X"  feet  in  all  positions 
without  sustaining  deformations  which  would  result  in 
installation  difficulties  or  degradation  of  intended 
function. 
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Definition  of  "X":  For  items  such  as  engine  cowlings 
and  work  platforms  it  would  not  be  unreasonable  to 
expect  them  to  be  capable  of  being  dropped  from  their 
intended  locations  on  the  airframe  and  then  being  re¬ 
installed  after  no  more  than  minor  cold  rework  of 
corners  or  edges  (e.g.,  straightening). 

This  requirement  shall  also  apply  to  door  structures 
with  the  exception  of  transparent  inserts. 

(3)  Doors  shall  be  designed  for  ai:  impact  load  of  50 
pounds,  uniformly  distributed  over  an  area  of  4  square 
inches,  at  or  near  one  of  the  free  edges  of  the  door 
in  a  horizontal  plane.  This  requirement  is  additional 
to  the  normal  design  criteria  for  aerodynamic  loading 
and/or  wind  loads  applied  while  on  the  ground. 

This  is  more  applicable  to  hinged  than  to  sliding 
doors  and  is  intended  to  cover  one  of  the  more  common 
types  of  "hangar-rash",  viz.,  equipment  being  pushed 
into  the  aircraft,  personnel  stumbling  against  it, 
etc. 

(4)  For  secondary  structural  items  which  are  vulnerable  to 
frequent  impacts  (e.g.,  avionic  racks  with  compact 
arrangement  of  components) ,  the  most  susceptible  areas 
shall  be  defined  and  locally  strengthened. 

This  requirement  shall  also  apply  to  doors  (hinged 
or  sliding  types)  which  impact  against  their  travel 
limiting  stops.  A  reasonable  value  of  impact  velocity 
shall  be  determined  by  the  contractor,  and  the  result¬ 
ant  loads  shall  be  applied  to  the  design  of  the  door 
and  detail  components. 

(5)  Items  of  secondary  structure  which  by  design  are  re¬ 
quired  to  sustain  localized  loadings  shall  be  capable 
of  sustaining  such  loadings  within  "0°"  of  misappli¬ 
cation  from  the  intended  design  position. 

An  example  of  this  would  be  fuselage  steps  which  are 
generally  designed  for  local  vertical  loading.  How¬ 
ever,  such  steps  are  often  used  by  personnel  to  gain 
access  to  other,  unforeseen,  portions  of  structure  or 
equipment  by  leaning  out  from  the  plane  of  such  steps. 

A  practical  value  for  "0°"  would  be  open  to  discus¬ 
sion. 
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(6) 


To  facilitate  maintenance  and  replacement,  considera¬ 
tion  shall  be  given  to  attaching  seals  by  means  of 
sheet  metal  retainers  with  screws  and  nut-plates 
rather  than  bonding  or  riveting  the  seals  to  the  basic 
structure.  In  the  choice  of  seal  materials,  consider¬ 
ation  shall  be  given  to  such  areas  as  vulnerability 
and  exposure  to  contaminants  such  as  aviation  fuel 
and  hydraulic  oil  in  addition  to  normal  weathering. 
Also,  when  feasible,  seals  shall  be  fabricated  from 
standard  stock  sections  so  that  replacement  does  not 
involve  procurement  of  special  preformed  parts. 

(7)  Where  appropriate,  Failure  Mode  and  Effect  Analyses 
(FMEA)  shall  be  performed  during  design  phases  of 
secondary  structures  (such  analyses  are  often  per¬ 
formed  on  primary  structural  components)  to  enhance 
longevity  and  reliability  of  such  structures  and  to 
highlight  potential  problem  areas  for  special  design 
attention. 

(8)  In  the  design  of  secondary  structural  components,  con¬ 
sideration  shall  be  given  to  the  degree  of  abuse  to 
which  such  components  are  likely  to  be  subjected  in 
field  service.  Design  and  construction  shall  reflect 
such  consideration. 

Also,  when  consideration  is  given  to  a  sophisticated 
design  technique  (such  as  bonded  honeycomb  structures) 
this  shall  be  balanced  against  possible  expenditure 
of  man-hours  and  degree-of-skill  requirements  neces¬ 
sary  to  effect  field  repairs. 

PROPOSED  NEW  TEST  CRITERIA 

(1)  Where  such  installations  would  not  obscure  primary 
structural  areas  of  concern,  secondary  structural 
items  shall  be  installed  in  their  intended  locations 
during  airframe  fatigue  testing,  if  such  testing  is 
required  by  detail  specification.  This  requirement 
shall  also  apply  to  equipment  items  of  significant 
mass.  These  mass  items  may  be  simulated. 

In  some  instances  it  may  not  be  feasible  to  have  the 
secondary  structural  items  installed  throughout  the 
duration  of  test.  However,  effort  should  be  expended 
to  have  them  installed  during  some  major  portions  of 
the  testing,  particularly  during  those  vibratory  re¬ 
gimes  which  are  adjudged  to  be  potentially  most  cri¬ 
tical  for  the  secondary  structures  in  question. 
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This  requirement  is  particularly  applicable  to  items 
such  as  entry  doors,  cowlings  and  work  platforms. 

The  simulation  of  mass  items  would  apply  to  items 
such  as  avionics  racks. 

(2)  Secondary  structural  components  such  as  work  platforms, 
auxiliary  walkways  and  steps  shall  be  tested  to  simu¬ 
late  the  effects  of  the  appropriate  number  of  200-lb 
men  upon  them.  The  resultant  loadings  shall  be 
applied  in  a  manner  and  over  such  areas  as  are  consis¬ 
tent  with  the  intended  use  of  the  item. 

For  vibratory  testing  in  accordance  with  new  criterion 
1,  the  200-lb  load(s)  should  be  distributed  over 
discrete  areas  representing,  perhaps,  standard  foot¬ 
print  areas.  For  static  testing,  the  load(s)  may  be 
distributed  over  larger  areas. 

(3)  Major  items  of  movable  secondary  structure,  such  as 
entry  doors,  shall  be  capable  of  sustaining  "N"  cycles 
of  operation  without  failure  in  the  basic  structure 

or  any  associated  mechanical  components,  as  part  of 
a  structural  validation  and  reliability  demonstration. 
At  least  50%  of  these  cycles  shall  be  intentionally 
"hard"  operations. 

For  doors,  the  "hard"  operations  shall  terminate  with 
the  components  impacting  against  their  travel  limiting 
stops.  The  forces  to  be  sustained  during  such  impact 
loadings  shall  be  proposed  by  the  contractor  in  a  test 
plan  authorized  by  and  acceptable  to  the  procuring 
activity. 

The  value  of  "N"  shall  be  selected  by  the  contractor 
consistent  with  anticipated  usage  of  the  components 
throughout  a  service  life  of  5,000  flight  hours. 

PROPOSED  NEW  DESIGN/TEST  CRITERIA:  CONCLUSIONS 


The  intent  of  the  foregoing  proposed  new  criteria  is  to  cover 
the  foreseeable  conditions  to  which  secondary  structural  com¬ 
ponents  will  be  subjected  in  their  service  life  and  for  which 
definitions  of  criteria  are  feasible  and  practicable. 

Some  of  these  criteria  are  already  being  applied  in  design 
since  they  are  no  more  than  a  formalization  of  applied  common 
sense.  Some  others,  of  course,  are  the  result  of  hindsight 
knowledge  since  there  are  few  designers  who,  upon  surveying 
past  efforts,  would  not  wish  to  make  improvements  on  their 
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work  if  it  were  feasible. 


A  few  of  the  criteria,  particularly  those  directed  toward  re¬ 
ducing  handling  damage, arose  from  the  writer's  experience  in 
liaison  and  maintenance  operations  and  from  familiarity  with 
the  normal  working  standards  of  the  average  run  of  maintenance 
personnel,  both  civilian  and  military. 

If  these  proposed  criteria  prove  to  be  feasible  and  acceptable, 
then  their  application  in  conjunction  with  failure  mode  and 
effect  analyses  should  do  much  to  improve  the  reliability  and 
maintainability  of  helicopter  secondary  structures. 


DISCUSSION 


SELECTION  OF  SECONDARY  STRUCTURAL  COMPONENTS  FOR  TEST  AND 
REDESIGN 


In  the  choice  of  components  for  test  and  redesign,  each  com¬ 
ponent  had  to  meet  the  following  guidelines: 

(a)  It  had  to  be  troublesome  in  the  past. 

(b)  It  had  a  documented  history. 

(c)  It  could  be  redesigned  in  line  with  new  criteria 
in  an  attempt  to  demonstrate  improvements  in  main¬ 
tainability  and  reliability. 

(d)  It  is  suitable  for  establishment  of  a  test  program. 

Eliminated  from  consideration  were  components  in  which  the 
prime  failure  causes  were  mishandling,  abuse  or  corrosion,  or 
components  whose  failure  causes  might  be  peculiar  to  the  H-2 
helicopter . 

When  these  guidelines  were  applied  to  those  components  for 
which  data  are  available  in  the  Analysis  of  Operational  and 
Overhaul  Maintenance  Data,  only  two  components  appeared  as  can¬ 
didates.  The  components  were  sliding  doors  and  box  steps. 

The  sliding  doors  had  discrepancies  which  appeared  on  more  than 
95%  of  all  PAR'S,  with  a  high  number  of  discrepancies  per  PAR. 

Discrepancies  on  the  box  steps  showed  up  on  88%  of  all  PAR'S, 
with  an  average  of  3.3  discrepancies  per  PAR. 

These,  then,  were  the  secondary  structural  components  selected 
for  the  test  and  redesign  requirements  of  this  program. 


22 


PILOT  RESCUE  DOOR 


DESCRIPTION  OF  TEST  COMPONENT  -  PILOT  RESCUE  DOOR 

The  pilot  rescue  door  is  a  large,  roller-suspended,  sliding 
type  dc_>r  located  on  the  right-hand  side  of  the  forward  fuse¬ 
lage  of  the  Kaman  H-2  helicopter  (Figure  1)  .  This  door  covers 
both  the  pilot's  entrance  to  the  cockpit  and  the  rescue  doorway 
immediately  aft  of  the  cockpit.  The  door  consists  of  an  inner 
and  outer  aluminum  alloy  skin  riveted  to  an  edge  frame  fabri¬ 
cated  from  preformed  aluminum  alloy  channel  members.  The  outer 
skin  is  essentially  flat,  having  o.ily  the  moderate  curvature 
required  for  door  contour.  The  inner  skin  is  a  rubber-press 
component  formed  into  deep  corrugated  sections  to  provide  the 
door  with  requisite  stiffness.  The  door  design  and  fabrica¬ 
tion  are  consonant  with  normally  accepted  good  practice  for 
this  type  of  structure.  Two  acrylic  plastic  windows,  a  large 
one  for  the  pilot  and  a  smaller  one  for  the  rescue  doorway  area, 
are  embedded  in  rubber  seals  and  mounted  in  the  door  structure. 
These  windows  are  not  intended  for  emergency  egress  since  the 
entire  door  is  designed  to  be  jettisonable . 

The  roller  suspension  system  consists  of  two  rollers  at  the  top 
edge  of  the  door  aligned  in  the  vertical  plane  and  two  at  the 
bottom  of  the  door  in  the  horizontal  plane.  The  upper  rollers 
are  the  main  load-carrying  components  in  the  system.  The  lower 
rollers  are  only  meant  to  be  guide  rollers  and  to  restrain  the 
door  from  outboard  movement  at  the  lower  edge. 

The  door  design  specification  required  that  in  the  closed  posi¬ 
tion  the  door  be  double  flush,  i.e.,  that  it  fit  snugly  against 
the  pilot's  forward  door  post  and  fair  smoothly  against  the  aft 
vertical  member  of  the  rescue  doorway.  To  accomplish  this  with 
the  original  airframe  design  (which  has  remained  unaltered)  ,  the 
door  is  required  to  "tuck-in"  as  it  approaches  the  forward  limic 
of  its  travel,  and  this  necessitates  a  rather  complicated  system 
of  double  tracks  with  somewhat  differing  curvatures  to  provide 
the  required  camming  action.  The  upper  tracks  are  of  C-section 
and  the  lower  tracks  are  of  L-section.  Door  rigging  is  accom¬ 
plished  by  moving  the  aft  upper  roller  and  shaft  vertically  up¬ 
ward  or  downward  in  a  slot  in  a  double-serrated  fitting  attached 
to  the  door  structure.  Details  of  the  door  and  roller  and  track 
systems  are  shown  in  Figures  2  and  3. 

TEST  CONDITIONS  -  PILOT  RESCUE  DOOR 

For  the  pilot  rescue  door,  it  was  felt  that  the  majority  of  the 
problems  encountered  in  service  arose  from  operation  in  a  vibra¬ 
tory  environment,  as  is  common  on  all  helicopters,  and  also  from 
severe  impact  of  the  door  against  stops  when  opened  and  closed. 
Accordingly, it  was  decided  to  subject  the  door  to  vibratory 
testing  and  to  open-close  cycling. 
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Figure  2.  Pilot  Rescue  Door 


Figure  3.  Enlarged  Cross  Section  of  Upper  Aft  Roller 
Assembly  and  Track  (Pilot  Rescue  Door) . 


It  was  concluded  that  it  would  be  reasonable  to  attempt  to 
simulate  the  effects  of  5,000  flight  hours  of  in-service 
usage,  and  so  this  figure  was  used  as  a  base  datum. 

Open-Close  Cycling 

It  was  assumed  that  five  open-close  cycles  per  flight  hour 
would  be  a  reasonable  estimate  of  usage  and  that  20%  of 
these  would  be  hard  openings. 

For  test  pumoses: 

Nur.ber  of  Hard  Open-Close  Cycles  = 

5000  (flight  hours)  x  5  (open-close/hr)  x 

20%  (hard  open-close)  =  5,000 

Vibratory  Testing 

On  the  H-2  helicopter,  the  flight  regimes  in  which  signifi¬ 
cant  vibrations  are  encountered  are  in  the  speed  ranges 
20-40  knots  and  above  125  knots.  Flight  surveys  had  shown 
a  vectorial  combination  of  vertical  and  lateral  accelera¬ 
tions  of  +  .37g  in  these  critical  speed  ranges.  Conserva¬ 
tively,  20%  of  flight  time  is  spent  in  these  ranges. 

In  order  to  compress  the  time  scale  on  testing,  it  was  de¬ 
cided  to  run  the  test  at  double  the  expected  flight  vibra¬ 
tion  level,  i.e.,  at  +  .75g.  The  applied  cyclic  rate  would 
approximate  a  4-per-revolution  frequency  on  the  main  rotor. 

Number  of  hours  of  vibratory  testing  = 

5000  (flight  hours)  x  20%  (time  with  significant  vibra¬ 
tion)  x  1/4  (factor  for  load  acceleration)  =  250  h,urs 

These  figures  of  250  hours  of  vibratory  testing  and  5,000 
open-close  cycles  led  to  the  decision  to  conduct  the  test 
in  10  blocks  of  25  hours  of  vibratory  testing  followed  by 
500  open-close  cycles. 

It  was  estimated  that  the  door  would  probably  be  opened  to 
the  first  latch  detent  position,  to  improve  cockpit  venti¬ 
lation,  for  approximately  70%  of  the  flight  time.  Conse¬ 
quently,  in  each  25-hour  test  block,  7.5  hours  of  vibratory 
testing  was  to  be  performed  with  the  door  in  the  fully 
closed  and  latched  position  and  17.5  hours  with  the  door 
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open  to  the  first  detent  position. 


Another  item  which  was  felt  to  be  of  significance  in  reported 
door  problems  was  mis-rigging  of  the  door.  The  rigging  pro¬ 
cedures  are  such  that  the  door  can  be  adjusted  either  tightly 
or  loosely  between  its  upper  and  lower  tracks,  and  service  ex¬ 
perience  tends  to  indicate  that  the  door  will  probably  be 
misrigged  tor  about  30%  of  its  service  life. 

Since  it  was  intended  to  run  the  vibratory  testing  in  10  blocks 
of  25  hours  each,  it  was  decided  to  conservatively  assume  that 
mis-rigging  occurs  during  40%  cf  the  test,  thus  giving  50  hours 
mis-rigged  tightly  and  50  hours  mis-rigged  loosely. 

The  door  test  procedure,  then,  consisted  of  an  intermix  of  25 
hours  of  vibratory  testing  followed  by  500  deliberately  hard 
openings  and  subsequent  closings.  The  sequence  is  shown  in 
Table  I. 


TABLE 

I.  TEST  CONDITIONS  FOR 

PILOT 

RESCUE  DOOR 

TEST 

BLOCK 

RIGGING 

CONDITION 

VIBRATORY 
TESTING  (HR) 

OPEN/CLOSE 

CYCLES 

1 

Nominal 

25 

500 

2 

Nominal 

25 

500 

3 

Loose 

25 

500 

4 

Loose 

25 

500 

5 

Nominal 

25 

500  | 

6 

Nominal 

25 

500 

7 

Tight 

25 

500 

8 

Tight 

25 

500 

9 

Nominal 

25 

500 

10 

Nominal 

25 

500 

The  loading  sequences  shown  in  Table  I  were  applied  to  both 
the  current  design  and  modified  design  doors. 
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TEST  SETUP  -  PILOT  RESCUE  DOOR 

The  current  design  door  was  installed  on  Raman's  H-2  Static 
Test  Helicopter  BuNo.  147205. 

An  electromechanical  shaker  of  a  design  similar  to  that  shown 
in  Figures  4  and  5  was  affixed  to  the  door  at  the  center  of 
mass  in  .-.uch  a  manner  as  to  apply  the  resultant  of  the  verti¬ 
cal  and  lateral  vibratory  acceleration  components.  The  sha’:er 
consists  of  two  counterrotating  eccentric  weights  which  p-  o- 
duce  an  alternating  force  in  one  plane  only  and  are  driven  by 
an  electric  motor  via  a  flexible  shaft.  This  apparatus  was 
adjusted  to  produce  a  vectorial  vibratory  acceleration  of 
+  3/4g  at  a  cyclic  rate  of  1,080  per  minute,  which  is  equivalent 
to  a  4- per- revolution  condition  on  the  aircraft  with  the  main 
rotor  rotating  at  270  rpm.  Accelerometers  were  mounced  on  the 
door  to  monitor  the  vertical  and  lateral  accelerations. 

Because  there  was  no  economically  feasible  method  of  automating 
the  open/close  cycling,  this  portion  of  the  testing  was  per¬ 
formed  manually.  In  order  to  maintain  a  relatively  consistent 
minimum  force  on  the  door  during  this  cycling,  a  deceleration 
force  indicator  similar  to  that  shown  in  Figure  6  was  attached 
to  the  aft  edge  of  the  door.  This  indicator  was  set  by  means 
of  the  force  adjusting  bolt  to  simulate  what  was  generally 
agreed,  by  experienced  service  personnel,  to  be  a  hard  door 
opening.  In  the  indicator,  as  the  door  is  moved  aft  and  con¬ 
tacts  the  stop,  the  inertia  force  on  the  steel  ball  causes  it 
to  compress  the  spring  and  make  contact  with  the  end  of  the 
adjusting  bolt  which  completes  an  electrical  circuit,  ener¬ 
gizing  an  indicator  lamp  and  digital  counter.  This  ensures 
that  although  some  openings  may  be  harder  than  the  agreed-upon 
level,  none  will  be  lower. 


TEST  RESULTS  -  CURRENT  DESIGN  -  PILOT  RESCUE  DOOR 
Test  Block  No.  1 


25  hours  vibratory  testing. 

500  open-close  cycles. 

The  door  was  set  in  the  normal-rigged  position  and  testing  com¬ 
menced  . 

The  25  hours  of  vibratory  testing  were  accrued  with  no  untoward 
events  noted. 
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Figure  4.  Test  Setup  for  Pilot  Rescue  Door. 
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Figure  6.  Minimum  Deceleration  Force  Indicator 
on  Pilot  Rescue  Door. 
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During  the  open-close  cycling,  the  aft  upper  roller  shaft  broke 
on  the  88th  cycle.  This  permitted  the  door  to  move  aft  past 
the  stop  and  to  become  disengaged  from  the  tracks.  The  aft 
lower  roller  support  bracket,  which  is  a  casting,  was  frac¬ 
tured  in  the  resulting  fall.  New  current  design  parts  were  in¬ 
stalled,  replacing  those  which  had  been  broken,  and  500  open- 
close  cycles  were  applied  to  the  door  without  incident. 

Subsequent  investigation  revealed  that  the  shaft  which  broke 
was  an  obsolete  part  which  had  a  rather  severe  undercut  at  the 
thread  runout  area.  The  undercut  is  the  only  difference  be¬ 
tween  this  obsolete  part  and  current  design  shafts.  The  fail¬ 
ure  was  through  the  undercut  (Figure  7) .  This  failure  was  dis¬ 
counted  as  being  invalid  for  the  current  design. 

Test  Block  No.  2 


25  hours  vibratory  testing. 

500  open-close  cycles. 

Door  in  normal  rigged  position.  At  30.75  hours  accumulated 
vibratory  it  was  observed  that  the  door  was  rattling  somewhat 
more  than  normal.  The  shaker  was  shut  down  and  it  was  dis¬ 
covered  that  the  aft  top  roller  was  loose.  The  roller  was 
tightened  via  the  roller  shaft  as  would  be  expected  to  be  done 
in  the  field, and  the  test  resumed.  (See  Figure  10.) 

Test  Block  No.  3 

25  hours  vibratory  testing. 

500  open-close  cycles. 

Door  in  "mis-rigged  tight"  condition.  This  cest  block  was  un¬ 
eventful  . 

Test  Block  No.  4 


25  hours  vibratory  testing. 

500  open-close  cycles. 

Door  in  normal  rigged  position.  Upon  completion  of  this  test 
block,  it  was  discovered  that  the  forward  top  roller  was  loose. 
It  was  also  discovered  that  the  roller  spacer  was  evidencing 
signs  of  distortion  (Figure  11) .  The  distortion  was  not  so 
severe  that  the  bushing  would  have  been  replaced  in  field  ser¬ 
vice,  and  so  the  roller  shaft  was  tightened  and  the  test  resumed. 
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Figure  7.  Failure  of  Undercut  Roller  Shaft  on  Pilot  Rescue  Door. 


Test  Block  No.  5 


25  hours  vibratory  testing. 

500  open-close  cycles. 

Door  in  normal  rigged  condition.  At  an  accumulated  vibratory 
test  time  of  114.9  hours,  the  roller  spacer  at  the  top  front 
location  h  d  deformed  so  badly  (Figure  11)  that  the  aoor  had 
dropped  slightly,  thus  allowing  the  spacer  to  contact  the  lip 
of  the  track.  The  standard  field  fix  in  this  situation  is  to 
install  an  NAS-75-3-10  bushing  in  place  of  the  damaged  spacer. 
This  was  done  and  the  testing  resumed. 

Test  Block  No.  6 


25  hours  vibratory  testing. 

500  open-close  cycles. 

Door  in  normal  rigged  position.  At  the  completion  of  this  test 
block  it  was  found  that  the  aft  latch  detent  was  loose.  This 
detent  is  a  flat  steel  plate  with  a  notch  in  its  outboard  edge. 
The  plate  is  bolted  to  the  top  surface  of  the  lower  track. 
These  bolts  were  retorqued . 

During  the  open-close  cycling,  it  was  observed  that  the  door 
motion  was  exhibiting  some  slight  drag.  It  was  discovered  that 
the  upper  forward  roller  had  a  moderate  flat  spot  and  that  the 
upper  aft  roller  had  a  somewhat  more  severe  flat  spot.  The 
upper  track  was  inspected  and  found  to  be  in  excellent  condi¬ 
tion  with  no  discernible  evidence  of  wear.  Testing  was  re¬ 
sumed  . 

Test  Block  No.  7 


25  hours  vibratory  testing. 

500  open-close  cycles. 

Door  in  normal  rigged  position.  The  25  hours  of  vibratory 
testing  were  completed.  The  door  had  now  been  subjected  to  a 
total  of  175  hours  of  vibration  and  3,000  open-close  cycles. 

At  the  beginning  of  the  open-close  cycling  for  this  test  block, 
considerable  resistance  was  encountered  to  door  motion.  The 
upper  rollers  were  disassembled,  and  it  was  found  that  the  for¬ 
ward  roller  had  such  a  large  flat  spot  that  it  would  no  longer 
roll  (Figure  9)  .  The  aft  roller  had  several  large  spots  (Fig¬ 
ure  8)  ,  its  roller  shaft  was  severely  bent  (Figure  8) ,  and  its 
spacer  showed  considerable  deformation  (Figure  11) . 
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Figure  10.  Upper  Aft  Roller  Assembly  Showing  Deformation 
of  Serrated  Washer  and  Wear  Pattern  on  Roller 
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Figure  11.  Progression  of  Failure  in  Roller  Spacer. 


In  consonance  with  normal  field  procedure, these  components 
were  replaced  with  the  exception  of  the  spacer,  for  which  an 
NAS-75-3-10  bushing  was  substituted  for  the  reason  noted  in 
Test  Block  No.  5  above. 

The  upper  tracks  were  cleaned  and  thoroughly  inspected.  Sur¬ 
prisingly,  in  view  of  the  gross  wear  on  the  steel  rollers, 
the  aluminum  tracks  exhibited  only  very  slight  wear  marks  where 
the  rollers  had  made  contact  with  them.  The  door  was  reassem¬ 
bled  on  the  tracks  and  testing  resumed. 

Test  Block  No.  8 


25  hours  vibratory  testing. 

500  open-close  cycles. 

Door  in  "mis-rigged  loose"  condition. 

Test  Blocks  Nos.  9  and  10 


25  hours  vibratory  testing. 

500  open-close  cycles  (each)  . 

Door  in  normal  rigged  condition.  No  further  discrepancies  in 
roller  assemblies. 

From  about  Test  Block  No.  3  and  onward,  the  forward  and  aft 
door  latches  began  exhibiting  progressive  evidence  of  deforma¬ 
tion.  It  was  decided  to  allow  this  to  continue  to  determine 
if  this  would  induce  problems  in  other  areas  of  the  linkage 
system.  At  the  conclusion  of  the  test,  the  aft  latch  was 
grossly  deformed  (Figure  12)  and  the  damage  to  the  forward 
latch  was  similar  but  not  so  severe.  However,  the  lock  linkage 
was  still  functional  with  no  evidence  of  damage. 

Findings  and  Conclusions 


The  failures  experienced  during  the  current  design  test  were 
all  on  peripheral  hardware,  i.e.,  rollers,  roller  shafts, 
spacers  and  latches.  There  were  no  failures  in  the  basic 
sheet-metal  structure  of  the  door,  in  the  tracks,  or  in  the 
remainder  of  the  door  locking  mechanism  excluding  the  latches. 
The  locking  mechanism  was  still  operating  freely  with  no  evi¬ 
dence  of  deformations  or  binding  in  its  functioning  parts. 

It  is  seldom  thac  small  hardware  components  which  fail  in 
field  service  're  returned  to  the  design  office  for  inspection 
and  evaluation,  and  so  most  of  these  failures  were  actually 
being  seen  for  the  first  time,  although  they  had  been  reported 
in  service  bulletins  in  the  past. 
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Initially,  upon  inspection  of  the  roller  housings,  it  was  very 
surprising  that  such  large  flat-spotting  (Figure  9)  could  be 
inflicted  upon  the^e  steel  housings  with  no  corresponding  wear 
in  the  aluminum  alloy  tracks.  The  evidences  of  wear  on  the 
tracks  were  barely  discernible  except  for  the  area  where  the 
spacer  had  contacted  the  edge  of  the  track  lip.  On  the  inner 
contour  of  the  track,  the  wear  patterns  were  minor  depressions, 
perhaps  .002"  deep.  However,  upon  reflection,  it  became  evi¬ 
dent  that  the  mode  of  wear  was  fretting  between  the  steel  hous¬ 
ing  and  the  aluminum  track.  One  of  the  common  compounds  formed 
in  the  fretting  of  aluminum  is  aluminum  oxide,  which  is  an  excel¬ 
lent  abrasive  medium.  The  fretting  compounds  formed  in  the 
fretting  of  steels  are  nowhere  near  as  hard  as  the  aluminum 
oxide, and  so  the  steel  component  wears  away.  There  was  no  evi¬ 
dence  of  looseness  of  the  "UNIBAL"  insert  within  the  roller 
housing  nor  of  degradation  of  the  insert  as  compared  to  a  new 
component . 

The  bending  of  the  upper  aft  roller  shaft  (Figure  8)  is  a 
straightforward  example  of  impact  damage.  In  the  design  stages 
of  the  door,  no  major  consideration  was  given  to  the  upper  aft 
roller  contacting  the  stop  in  the  upper  track.  For  all  prac¬ 
tical  purposes ,  this  stop  was  only  to  prevent  the  door  from 
rolling  out  of  its  track  in  the  event  that  the  aft  "FULLY  OPEN" 
detent  s.nould  for  any  reason  be  bypassed.  It  was  not  visual¬ 
ized  that  the  door  would  have  any  appreciable  velocity  imparted 
to  it  at  this  point.  However,  the  door  is  of  considerable 
length  and  the  -external  handle  is  located  near  its  forward 
edge.  This  means  that  to  move  the  door  from  the  fully  closed 
and  locked  positions  to  the  fully  open  and  latched  positions 
requires  a  longer  travel  than  is  comfortable  for  the  average 
or  shorter-statured  person  to  manage  from  a  fixed  stance.  As 
a  result,  the  tendency  on  the  part  of  the  service  personnel 
has  been  to  rotate  the  outer  handle  to  disengage  the  latches 
from  their  forward  detents  and  then  to  fling  the  door  aft  with 
sufficient  velocity  to  cause  the  latches  to  jump  in  and  out  of 
the  detents  until  the  door  movement  is  finally  arrested  by  the 
door  stop.  This  mishandling  causes  the  bending  damage  to  the 
upper  aft  roller  shaft  and  to  the  forward  and  aft  latches,  which 
are  caused  to  bow  forward  (Figures  8  and  12)  . 

Examination  of  the  roller  spacers  shows  that  they  were  severely 
distorted  and  shortened  in  length  (Figure  11) .  This  damage  was 
obviously  the  result  of  axial  loading,  and  the  loading  encoun¬ 
tered  during  test  was  vibratory  in  nature.  Also,  the  weight  of 
the  door  suspended  on  the  two  roller  shafts  tends  to  bias  the 
load  distribution  onto  small  areas  of  contact  at  the  lower  edge 
of  the  spacers.  The  cylindrical  portion  of  the  spacer  is 
approximately  .255"  outside  diameter  with  an  approximate  wall 
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thickness  of  .033",  and  thus  it  does  not  require  much  hammering 
action  to  induce  deformations  in  this  thin-walled  section. 

Once  the  deformations  have  begun,  the  spacer  begins  to  decrease 
in  length.  This  introduces  a  lack  of  fit  between  the  roller 
and  the  attachment  fitting  in  the  door  and  allows  a  buildup 
of  amplitude  in  the  relative  motion  between  the  door  and  track, 
which  hastens  the  failure  of  the  spacer.  The  increased  motion 
is  of  course  also  felt  by  the  rollers  and  contributes  to  the 
increase  in  the  rate  of  wear  on  the  roller  housings. 


CURRENT  DESIGN  TEST  RESULTS  VS.  OPERATIONAL  EXPERIENCES 

The  operational  experiences  on  the  aircraft  sliding  doors  are 
summarized  as  follows: 

1.  Sliding  Door  Seals.  Seals  deteriorate,  tear,  and 
loosen  through  handling  damage  and  exposure  to  the 
elements . 

2.  Rain  Shield  Fairings.  Rain  shields  become  torn, 
cracked  and  broken  as  a  result  of  exposure  to  elements , 
aircraft  wind-stream  and  personnel  handling. 

3.  Door  Handle  Linkage.  Handle  and  linkage  become  cor¬ 
roded  and  worn.  Linkage  binds,  causing  parts  to  be 
overstressed . 

4.  Roller  Assemblies.  Door  rollers  become  corroded, 
worn,  cracked  and  broken,  causing  doors  to  loosen  and 
creating  excessive  track  wear. 

5.  Door  Tracks.  Upper  and  lower  sliding  door  tracks  be¬ 
come  worn,  cracked  and  broken.  (Failure  of  tracks  is 
associated  with  door  roller  problems.) 

6.  Door  Jettison  Mechanism.  Jettison  mechanism  becomes 
frozen  and  inoperative.  This  condition  is  attributed 
to  corrosion. 

Checking  this  summary  against  the  current  design  test  results, 
it  can  be  seen  that  the  areas  in  which  there  is  good  correla¬ 
tion  are  the  roller  assemblies.  This  correlation  is  very  good 
concerning  roller  wear.  There  was  some  minor  wear  noted  on 
the  door  tracks  during  the  test  but  not  of  sufficient  severity 
to  indicate  the  possibility  of  impending  failure. 
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The  lack  of  correlation  in  the  other  areas  is  due  to  the  fact 
that  no  attempt  was  made  to  simulate  the  effects  of  corrosion 
or  mishandling  of  the  components  which  appear  to  be  the  major 
failure  causes  for  items  other  than  rollers  and  tracks. 

During  the  test  program,  no  bending  of  the  door  handle  linkage 
was  encountered;  however,  considerable  deformation  of  the  door 
latches  was  induced.  This  particular  discrepancy  is  not  noted 
in  the  operational  experience,  which  refers  only  to  binding  of 
the  mechanism.  A  survey  was  conducted  on  aircraft  which  had 
been  returned  from  service  for  model  up-dating,  and  on  at  least 
60%  of  them  the  latches  had  developed  slight  bowing  as  checked 
by  a  straightedge  laid  along  the  latches.  With  new  latches 
engaged  in  the  first  detent  position,  the  pilot  door  is  opened 
approximately  two  inches  for  ventilation.  The  only  effect  of 
bowed  latches  is  to  cause  this  two-inch  gap  to  gradually  widen. 
With  the  gross  deformation  of  the  latches  encountered  in  the 
test  program,  the  door  opening  had  increased  to  approximately 
2.30  inches,  but  the  latches  would  still  engage  in  their  detents. 
This  is  probably  why  latch  bending  is  not  noted  as  a  problem 
although  it  is  a  distinct  long-term  failure  mode. 

It  can  be  seen  that  for  most  areas  in  which  testing  could  be 
expected  to  produce  meaningful  results,  viz.,  wear  due  to  vibra¬ 
tion  and  usage  of  the  door  lock  mechanism,  the  test  results  did 
correlate  quite  well  with  operational  experience.  The  one 
significant  area  of  noncorrelation  was  in  the  door  tracks, 
which  did  not  sustain  any  failures  during  test.  It  should  be 
pointed  out  that  although  the  tracks  were  frequently  inspected 
during  the  test  program,  no  special  preventive  measures  were 
exercised,  other  than  an  occasional  wipe-down  of  the  tracks, 
which  is  no  more  than  would  be  done  in  the  field. 

Thus,  if  a  full-scale  test  program  had  been  conducted  on  the 
doors  early  in  the  aircraft  test  development,  most  of  the  sig¬ 
nificant  field  failure  modes  would  have  been  highlighted  for 
special  attention.  Such  a  comprehensive  program  would  have 
specified  fatigue  testing  for  the  doors  and  demonstration  of 
structural  integrity  under  repeated  open-close  cycling  of  the 
door  as  suggested  in  the  new  criteria  section  of  this  report. 

DETERMINATION  OF  WHETHER  PRIOR  ANALYSIS  COULD  HAVE  PREDICTED 
EXPERIENCED  FAILURES  ON  PILOT  RESCUE  DOOR 

For  the  pilot  rescue  door,  the  critical  design  consideration 
was  the  application  of  aerodynamic  loads  resulting  from  a  high¬ 
speed  yawed  flight  condition.  This  designed  the  basic  door 
structure.  Consideration  of  a  20g  forward  crash  condition  with 
the  door  latched  open  produced  the  design  loads  for  the  latches 
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and  local  attachment  points.  Since  the  latches  are  located  at 
the  bottom  edge  of  the  door  and  the  door  is  suspended  from  two 
rollers  at  the  top  edge,  this' condition  also  induced  appreci¬ 
able  differential  vertical  loads  on  the  rollers,  which  in  turn 
led  to  bending  considerations  on  the  roller  shafts.  In  the 
original  design  and  analysis,  no  consideration  was  given  to  the 
effects  of  hard  openings  or  closings  of  the  door  nor  to  de¬ 
tailed  fatigue  analyses  of  door  components. 

If  consideration  had  been  given  to  hard  opening  of  the  door, 
then  it  would  have  become  evident  that  when  the  aft  upper  rol¬ 
ler  contacts  the  door  stop,  it  induces  cantilever  bending  into 
its  roller  shaft.  However,  it  would  have  been  impractical  to 
attempt  analytical  prediction  of  the  forces  which  would  be  in¬ 
volved  in  a  typical  "hard"  opening. 

Concerning  the  roller  spacer  failures,  it  is  extremely  doubtful 
that  they  could  have  been  predicted  even  under  the  most  detailed 
scrutiny.  In  normal  use,  the  spacer  is  clamped  between  the 
door  attachment  fitting  and  the  roller  by  means  of  the  roller 
shaft.  This  in  effect  makes  a  monolithic  component,  and  attemp¬ 
ting  to  sort  out  individual  component  failures  is  well-nigh 
impossible . 

With  the  design  clearance  envelope  existing  between  the  tracks 
and  rollers,  it  was  recognized  that  wear  on  either  or  both  com¬ 
ponents  was  a  distinct  possibility  due  to  relative  motion  be¬ 
tween  them.  However,  the  prediction  of  wear  on  two  components 
and  whether  one  component  will  wear  more  than  the  other  is 
rather  nebulous  and  is  virtually  a  separate  engineering  disci¬ 
pline  on  its  own.  For  the  pilot  rescue  door  on  the  H-2  heli¬ 
copter,  no  attempt  was  made  to  apportion  the  probability  of 
wear  between  the  rollers  and  tracks  since  it  was  felt  any  such 
problems  would  only  result  from  long-term  service  and  would 
pose  no  particular  difficulties  in  the  field. 

In  summary,  it  is  felt  that  of  those  failures  encountered  in 
the  field  and  corroborated  by  the  test  program,  only  the  roller 
shaft  failure  could  have  been  predicted  with  any  degree  of  cer¬ 
tainty  in  the  design  stages.  However,  it  should  be  noted  that 
consideration  of  a  hard  opening  of  a  door  has  never  been  a  nor¬ 
mal  design  criterion.  This  problem  does  not  exist  in  a  hard 
closing  since  the  seal  along  the  forward  edge  of  the  door  acts 
as  a  very  efficient  cushion  in  contact  with  the  cockpit  door 
frame . 

It  should  be  pointed  out  that  if  test  requirements  such  as 
those  proposed  in  new  criteria  No.  1  and  No.  7  had  been  in 
force  at  the  time  of  this  door  design,  then  these  failures 
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would  have  been  highlighted  and  could  have  been  corrected  in 
the  early  production  run. 

See  also  the  results  of  the  Failure  Mode  and  Effects  Analysis 
in  its  own  section  in  this  report. 


COMPONENT  REDESIGN  CONSIDERATIONS 


The  recorded  field  experience  on  the  pilot  rescue  door  is  sum¬ 
marized  below: 

1.  Seals.  Seals  deteriorate,  tear  and  loosen  through 
handling  damage  and  exposure  to  the  elements. 

2.  Rain  Shields.  Rain  shields  become  torn,  cracked  and 
broken  as  a  result  of  exposure  to  the  weather  and 
aircraft  wind-stream  and  through  handling  damage. 

3.  Door  Handle/Linkage.  Handle  and  linkage  become  cor¬ 
roded  and  worn.  Linkage  bends  causing  parts  to  be 
overstressed . 

4.  Roller  Assemblies.  Door  rollers  become  corroded,  worn, 
cracked  and  broken,  causing  doors  to  loosen  and  create 
excessive  track  wear. 

5.  Door  Tracks.  Upper  and  lower  tracks  become  worn, 
gouged,  cracked  and  broken.  Failure  of  the  tracks  is 
associated  with  roller  problems. 

It  was  intended  to  attempt  to  eliminate  or  reduce  these  prob¬ 
lems  by  the  application  of  new  design  or  test  criteria.  In 
line  with  this  attempt,  the  following  comments  were  pertinent 
to  the  foregoing  summary  of  field  experiences. 

Items  Nos.  1  and  2  are  time/environment  dependent  conditions, 
with  abuse  or  mishandling  also  being  significant  contributing 
factors.  No  definable  criteria  other  than  general  admonitions 
concerning  care  in  selection  of  materials  could  help  obviate 
these  problem  areas,  and  therefore  no  detailed  consideration  was 
given  to  them. 

Item  No.  3  was  caused  by  corrosion  compounded  by  lack  of  in¬ 
spection  and  lubrication  requirements.  It  should  be  noted  that 
References  16  and  17  have  requirements  which  became  effective 
sometime  after  this  design  entered  production,  that  such  link¬ 
ages  shall  be  of  corrosion-resistant  materials  or  adequately 
protected  against  corrosion  and  shall  have  positive  means  for 
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lubrication.  Therefore,  this  item  was  covered  for  future  de¬ 
signs  and  no  definition  of  new  criteria  was  required. 

This  left  items  Nos.  4  and  5  to  which  new  criteria  might  gain¬ 
fully  be  applied. 

Ignoring  corrosion  on  the  roller  assemblies,  then,  the  major 
problems  in  the  field  were  reported  as  worn,  cracked  and  broken 
rollers.  The  reported  wear  on  the  rollers  was  readily  appreci¬ 
ated,  since  reference  to  Figure  3  shows  that  clearance  exists 
between  the  outside  surface  of  the  roller  and  the  inside  con¬ 
tour  of  the  track,  and  in  a  vibratory  regime  as  is  found  on  all 
helicopters,  such  clearance  is  translated  into  relative  motion 
between  the  parts  with  consequent  fretting  wear.  The  reports 
of  cracked  and  broken  rollers  could  not  readily  be  attributed 

to  vibration,  and  so  possible  causes  were  sought  by  further  in¬ 
vestigation. 

Discussions  with  maintenance  and  service  engineering  personnel 
elicited  the  information  that  the  write-ups  of  cracked  and 
broken  did  not  refer  to  the  rollers  themselves,  but,  rather,  to 
the  roller  spacer  and  roller  shaft  shown  in  Figure  3.  It  now 
became  easier  to  understand  the  cause  of  these  failures. 

The  aft  stop  for  this  door  consists  of  a  contoured  phenolic 
block  nested  within  and  pinned  to  the  upper  door  track.  Bonded 
to  the  forward  face  of  this  phenolic  block  is  a  small  rubber 
pad  against  which  the  aft  upper  door  roller  is  intended  to  con¬ 
tact  in  the  event  that  the  aft  latch  detent  position  should  be 
bypassed.  This  bumper  pad  is  frequently  lost,  and  the  roller  is 
then  subjected  to  impacts  against  a  relatively  unyielding  sur¬ 
face  during  hard  door  openings.  Maintenance  personnel  also 
pointed  out  that  the  door  is  of  such  a  size  that  moving  it  from 
the  fully  closed  to  fully  open  positions  cannot  comfortably  be 
performed  with  one  easy  arm  motion.  The  general  tendency  there¬ 
fore  is  to  rotate  the  handle  initially  to  release  the  latches 
and  then  to  slide  the  door  aft  with  considerable  velocity.  This 
results  in  frequent  applications  of  cantilever  type  loading,  of 
varying  degrees  of  severity,  on  the  roller  shaft,  ultimately 
leading  to  failure  of  this  component. 

The  failures  of  the  roller  spacers  were  not  so  readily  under¬ 
standable,  but  it  was  felt  that  vibratory  pounding  was  largely 
responsible  for  them.  This  was  verified  when  the  failures  of 
the  roller  spacers  became  evident  during  the  current  design 
testing  program  (Figure  11) .  This  vibratory  pounding  is  of 
course  nothing  more  than  high-frequency  impact  loading. 
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It  thus  became  evident  that  improvements  could  probably  be 
shown  in  the  roller  shafts  and  roller  spacers  by  minimizing  the 
effects  of  impact  loading  on  these  components.  This  would  be 
in  accord  with  proposed  new  design  criterion  No.  4. 

The  current  design  roller  spacer  is  a  thin-walled  cylinder  hav¬ 
ing  a  flange  at  one  end  (Figure  3)  .  The  wall  thickness  of  the 
cylindrical  section  is  0.03".  Increasing  this  wall  thickness 
would  decrease  the  clearance  existing  between  the  outside  diam¬ 
eter  of  the  spacer  and  the  lower  lip  of  the  track,  and  this 
was  not  felt  to  be  desirable.  Instead,  the  roller  spacer  was 
redesigned  by  adding  a  flange  similar  to  the  existing  one  at 
the  end  of  the  cylindrical  portion  of  the  spacer  body.  This 
introduced  a  large  flat  area  in  contact  with  the  ball  of  the 
roller,  and  it  was  felt  that  this  would  make  the  spacer  much 
more  resistant  to  impact  failures.  This  redesigned  spacer  is 
shown  in  Figure  19. 

In  order  to  improve  the  condition  on  the  roller  shaft,  it  was 
decided  to  eliminate  the  cause  of  the  cantilever  loadings  to 
which  it  is  subjected  in  service.  This  was  done  by  eliminating 
the  door  stop  from  the  track  and  relocating  it.  Since  it  was 
now  understood  that  the  door  could  be  expected  to  be  frequently 
slammed  against  the  stop,  its  design  and  location  were  given 
careful  consideration.  It  was  finally  decided  to  locate  the 
stop  at  the  approximate  waterline  location  of  the  C.G.  of  the 
door.  This  location  minimizes  any  cocking  action  experienced 
by  the  door  upon  impact  against  the  stop.  The  stop  structure, 
which  is  illustrated  in  Figure  13,  consists  of  two  tapered 
channel  section  members  located  externally  on  the  fuselage  in 
a  waterline  plane.  Located  between  these  channels  and  attached 
to  their  webs  is  a  tapered  box-section  member  with  a  gener¬ 
ous  sized  rubber  bumper  attached  to  it.  One  of  the  channels 
picks  up  an  existing  row  of  intercostal  rivets,  and  an  angle- 
section  intercostal  was  added  to  provide  backup  structure  for 
the  other  channel.  A  steel  striker  plate  was  attached  to  the 
stop  contact  area  on  the  aft  edge  of  the  door  (Figure  15)  to 
protect  the  door  sheet-metal  structure. 

Much  effort  was  expended  in  investigating  possible  approaches 
toward  reducing  wear  on  the  roller  housings.  The  problem  in 
this  area  is  that  in  order  for  a  track-roller  combination  to 
function,  there  must  be  clearance  between  the  rollers  and  the 
track.  This  required  clearance  leaves  open  the  possibility  of 
relative  motion  between  the  components,  which  leads  to  wear 
problems.  It  is  possible  to  minimize  the  clearance  envelope; 
however,  beyond  a  certain  value  it  requires  an  inordinate  ex¬ 
penditure  of  funds  to  gain  a  minimal  return  in  a  tighter  toler¬ 
ance  envelope.  An  extremely  tight  clearance  envelope  would 
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Figure  13.  Installation  of  New  External  Door  Stop  (Post-Test). 
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Figure  14.  Detail  Showing  Damage  Sustained  by  New  Door  Stop. 


Figure  16.  View  Showing  Deformation  of  New  Striker 
Plate  and  Damage  to  Aft  Edge  of  Door . 
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have  other  ramifications  in  that  it  would  necessitate  more 
stringent  requirements  for  track  straightness  and  parallelism 
with  noncumulative  tolerances  along  its  length  and  would  prob¬ 
ably  require  virtually  daily  attention  in  service  to  prevent 
jamming  from  dirt  and  debris  accumulations. 

Consideration  was  now  given  to  manufacturing  roller  housings  in 
different  materials.  Aluminum  was  rejected  as  a  substitute 
since  aluminum  vs.  aluminum  can  gall  more  rapidly  than  steel  vs. 
aluminum.  Nylon  was  briefly  considered,  but  our  past  experience 
with  this  material  under  vibratory  loading  conditions  has  not 
been  conducive  to  establishing  confidence  in  it.  It  was  also 
felt  that  nylon  would  tend  to  imbed  abrasive  particles  and 
act  as  a  grinding  wheel  as  it  travelled  along  the  tracks.  This 
could  lead  to  long-term  problems  with  the  tracks,  which  would  be 
much  more  difficult  to  correct  than  a  straightforward  roller 
replacement . 

Phenolic  was  the  next  candidate  material  for  consideration. 

This  material  was  considered  to  have  the  same  problem  concern¬ 
ing  abrasive  particle  imbedment  as  did  nylon.  Additionally, 
it  was  felt  that  phenolic  would  be  more  susceptible,  in  long¬ 
term  usage,  to  degradation  from  contaminative  substances  such 
as  oils,  greases  and  fuel. 

It  was  thereupon  decided  that  redesign  of  the  roller  housings 
would  not  be  productive,  and  so  this  approach  was  abandoned. 

A  defect  which  was  not  specifically  mentioned  in  the  operation¬ 
al  data  analysis  but  which  showed  up  in  the  current  design  test 
program  was  deformation  of  the  door  latches  (Figure  12)  .  It 
was  evident  that  the  deformation  was  caused  by  the  latches' 
striking  their  detent  plates  as  they  moved  past  them  during 
the  open/close  cycling  of  the  door.  This  ic  another  .instance 
of  impact  damage,  which  again  invokes  proposed  new  design  cri¬ 
terion  No.  4  for  its  solution. 

The  current  design  latches  are  flat  steel  plate  sections,  and 
in  order  to  strengthen  them,  they  v:ere  converted  to  Tee-section 
configurations  by  welding  a  cross-bar  to  their  outer  vertical 
edges.  The  modified  lalCi  es  are  shown  in  Figures  17  and  18. 
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Figure  17.  Modified  Aft  Latch  After  Test  Showing 
Local  Impact  Damage. 
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TEST  RESULTS  -  MODIFIED  DESIGN  -  PILOT  RESCUE  DOOR 

The  pilot  rescue  door  with  the  modified  roller  spacers  and 
latches  and  the  new  external  door  stop  was  installed  on  the 
static  test  fuselage,  and  the  test  setup  used  on  the  current 
design  door  was  duplicated. 

The  test  blocks  used  in  the  origina-l  test  were  repeated, 

i.e.,  ten  discrete  blocks,  each  consisting  of  25  hours  of 
vibratory  testing  followed  by  500  hard  open-close  cycles.  The 
test  and  inspection  procedures  followed  the  original  format  in 
all  respects. 

Testing  commenced  and  proceeded  through  the  entire  test  spec¬ 
trum  with  little  eventful  to  record.  After  175  hours  of  vibra¬ 
tory  testing  and  3,000  open-close  cycles  of  door  operation, 
the  striker  plate  mounted  at  the  aft  edge  of  the  door  was  be¬ 
ginning  to  deflect  and  bow  outward,  away  from  the  door  struc¬ 
ture.  This  deflection  showed  some  further  progression  as  the 
test  continued,  but  at  the  end  of  the  test  the  stop  and  striker 
plate  were  still  operative. 

At  the  conclusion  of  the  test  with  250  hours  of  vibratory  test¬ 
ing  and  5,000  hard  open-close  cycles  accumulated,  no  failures 
had  been  experienced. 

Findings  and  Conclusions 

Upon  completion  of  the  test,  the  door  was  removed  from  the  test 
fuselage  and  subjected  to  teardown  inspection. 

The  following  discrepancies  were  noted  during  this  inspection: 

1.  Door  striker  plate  was  bowed  outboard  from  the  door 
(but  still  operative)  (Figure  16). 

2.  The  aft  upper  roller  had  several  minute  flat  spots. 
However,  these  flat  spots  were  not  of  sufficient  size 
to  impair  the  operation  of  the  door  (Figure  19). 

3.  The  sheet-metal  fairing  on  the  aft  edge  of  the  door 
had  suffered  some  minor  impact  damage  as  a  result  of 
(1)  above  (Figure  16)  . 

4 .  The  plates  supporting  the  rubber  bumper  on  the  new 
door  stop  had  minor  impact  damage  due  to  a  slight 
discrepancy  in  waterline  heights  between  the  door 
stop  and  the  door  striker  plate  (Figure  14) . 
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Figure  19.  Modified  Roller  Spacer  With  Roller  Shaft  and 
Bearing  Showing  Lack  of  Damage  After  Test. 


All  other  fittings  showed  no  evidence  of  damage. 

The  results  from  the  testing  of  the  door  with  modified  hardware, 
therefore,  showed  a  very  definite  improvement  over  the  current 
design  door. 

Considered  individually,  each  change  is  very  minor,  and  yet  in 
total  the  effect  appears  to  be  greater  than  the  sum  of  the 
parts.  The  effects  desired  to  be  accomplished  by  the  modifica¬ 
tions  were: 

1.  Eliminate  bending  of  roller  shafts. 

2.  Eliminate  compression  failures  of  roller  spacers  with 
consequent  increase  of  amplitude  in  door  motions. 

3.  Decrease  wear  on  roller  housings. 

All  these  objectives  were  attained  and,  particularly  with  re¬ 
spect  to  (3),  to  a  degree  beyond  what  was  anticipated.  On  the 
basis  of  this  test,  it  would  appear  that  preventing  failure  of 
the  roller  spacers  was  the  most  significant  contribution  of 
the  design  changes. 

It  should  be  noted  that  the  installation  of  the  new  design  door 
stop  was  in  accord  with  proposed  new  design  criterion  No.  6  , 
relating  to  protection  from  damage  due  to  impact.  This  same 
criterion  is  also  pertinent  to  the  redesign  of  the  door  latches. 

The  failure  of  the  roller  spacer  showed  that  it  had  been  caused 
by  vibratory  pounding,  and  so  this  same  impact  protection  cri¬ 
terion  was  invoked,  along  with  the  admonition  in  SD-24K,  Para. 

3. 7. 1.3. 1.1.1,  relating  to  protection  from  failure  due  to  vibra¬ 
tion,  in  the  redesign  of  the  roller  spacer. 

Since  the  current  design  and  redesigned  doors  were  subjected 
to  identical  tests,  the  very  good  results  obtained  from  the 
latter  test  would  appear  ^:o  verify  the  efficacy  of  investiga¬ 
tion  and  application  of  new  criteria  to  secondary  structure 
designs  in  order  to  enhance  their  reliability  and  maintain¬ 
ability  . 


IMPACT  OF  TEST  RESULTS  ON  NEW  CRITERIA 

It  was  evident  from  the  very  good  results  obtained  from  the 
modified  design  test  on  the  pilot  rescue  door  that  the  applica¬ 
tion  of  proposed  new  design  criterion  No.  4  had  proven  to  be 
most  efficacious.  It  should  of  course  be  understood  that  the 
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entire  test  program  of  vibratory  testing  and  operational  cy¬ 
cling  of  the  door  essentially  fulfills  the  requirements  of  pro¬ 
posed  new  test  criteria  Nos.  1  and  3. 

If  these  three  criteria  had  been  defined  and  applied  when  this 
door  was  first  designed,  then  the  defects  of  this  door  would 
have  been  uncovered  in  the  pre-production  stages  and  its  sub¬ 
sequent  service  and  maintenance  history  would  have  been  vastly 
improved.  This  would  seem  to  verify  the  validity  of  the  thesis 
that  the  reliability  and  maintainability  of  secondary  struc¬ 
tural  components  can  be  enhanced  by  the  application  of  rigidly 
defined  new  design  and/or  test  criteria  during  the  design 
stages  of  such  components. 

None  of  the  findings,  from  either  the  current  design  or  modi¬ 
fied  design  test  programs,  have  suggested  any  need  for  redefi¬ 
nition  of  the  proposed  new  criteria. 
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FUSELAGE  BOX  STEPS 


DESCRIPTION  OF  TEST  COMPONENT  -  FUSELAGE  BOX  STEPS 


These  steps  are  located  on  each  side  of  the  fuselage  on  the 
Kaman  H-2  helicopter  and  are  recessed  into  the  fuselage.  They 
provide  personal  access  to  the  helicopter  roof  area  for  rotor, 
drive  system  and  engine  servicing.  The  steps  are  staggered  in 
adjacent  structural  bays  as  defined  by  fuselage  frame  spacing. 
Each  step  consists  of  a  cutout  in  the  fuselage  skin  of  suffi¬ 
cient  size  to  accommodate  personnel  footwear.  The  lower  edge 
of  each  cutout  is  bounded  by  a  Z-shaped  fuselage  stringer. 

This  stringer  has  a  C-shaped  channel  nested  over  it  to  form  a 
box-section  in  the  step  area.  Attached  to  the  top  edge  of  the 
skin  cutout  is  a  spring-loaded  hinged  door  which  is  normally 
in  the  closed  position  and  which  is  deflected  open  when  a  foot 
is  entered  into  the  step  area.  Bounding  the  step  cutout  is  a 
flanged,  light-gage,  rectangular  box  which  is  riveted  to  the 
skin  through  the  flanges.  The  function  of  the  box  is  to  pre¬ 
vent  the  ingress  of  debris  into  the  aft  fuselage  area. 

Details  of  the  current  design  fuselage  box  step  are  shown  in 
Figures  20  and  21, 


TEST  CONDITIONS  -  FUSELAGE  BOX  STEPS 


Upon  surveying  the  past  experience  of  these  items,  it  appeared 
that  corrosion  contributed  to  a  large  proportion  of  the  recorded 
problems.  However,  inclusion  of  corrosion  effects  was  not 
within  the  scope  of  the  testing  visualized  for  this  program,  and 
so  no  attempt  was  made  to  simulate  corrosion.  Therefore,  be¬ 
cause  the  steps  are  not  affected  by  rotor-induced  vibrations, 
only  actual  stepping  loads  were  considered  for  the  test  pro¬ 
gram. 

Again,  5,000  flight  hours  were  considered  to  be  the  base  datum 
for  load  spectrum  determination.  Eight  loadings  on  the  step 
per  flight  hour  was  chosen  as  a  realistic  estimate  of  usage. 

Number  of  loadings  on  step  = 

5000  (flight  hours)  X  8  (loadings/hour)  =  40,000 

It  was  decided  to  apply  these  40,000  load  cycles  co  simulate  a 
200-lb  man  using  the  steps  at  a  load  factor  of  l.Og. 
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Figure  20.  Sketch  of  Current  Design  Box  Step. 
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Figure  21.  Cross  Section  of  Current  Design  Box  Step. 
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REDESIGN  CONSIDERATION  -  FUSELAGE  BOX  STEPS 


On  the  H-2  helicopter  static  test  fuselage  there  were  two  box 
steps  suitable  for  test  purposes,  one  on  each  side  of  the  fuse¬ 
lage.  The  step  on  the  left-hand  side  was  refurbished  but  re¬ 
tained  in  the  current  design  configuration. 

Referring  to  Figures  20  and  21, it  can  be  seen  that  the  current 
design  is  deficient  in  that  it  permits  the  existence  of  a  free 
edge  of  the  skin  cutout  in  very  close  proximity  to  the  load- 
bearing  area  of  the  step.  This  free  edge  of  the  thin  fuselage 
skin  is  very  susceptible  to  scuffing  and  impact  damage.  This 
puts  redesign  consideration  in  line  with  new  criteria  No.  4» 
relating  to  reduction  of  impact  damage  on  secondary  structural 
components. 

Accordingly,  the  step  on  the  right-hand  side  was  modified  by 
the  addition  of  a  doubler  to  the  step  area.  This  doubler  is 
external  to  the  fuselage  skin  and  projects  forward  and  aft 
beyond  the  cutout  in  the  skin  which  forms  the  box  step.  The 
doubler  also  wraps  inboard  over  the  top  of  the  step  area. 

These  configurations  are  illustrated  in  Figures  22  and  23. 


TEST  SETUP  -  FUSELAGE  BOX  STEPS 


An  electromechanical  device  shown  in  Figures  24  and  25  was  de¬ 
signed  by  Kaman  to  apply  the  test  loads  to  the  box  step.  This 
device,  which  has  a  rubber  composition  pad  on  the  load-bearing 
area  similar  to  a  boot  sole,  simulates  reasonably  closely  the 
foot  action  of  a  man  climbing  on  the  steps.  The  kinematics  of 
the  mechanism  are  such  that  the  load  bearing  pad  is  entered 
into  the  step  cutout,  scuffs  lightly  inboard,  applies  a  down¬ 
ward  load  on  the  step  area,  rotates  "toe-down"  under  this  load, 
and  then  scuffs  lightly  outboard  to  complete  a  load  cycle. 

The  load  application  capability  of  this  device  is  adjustable 
from  0  to  300  lb  and  is  monitored  by  means  of  an  SR-4  strain 
recorder  hooked  up  to  strain  gages  on  a  calibrated  link.  On 
the  current  design  step  test,  the  linkage  was  adjusted  so  that 
the  load  was  applied  vertically;  but  in  the  modified  design 
test*  the  load  was  applied  at  an  angle  of  4°  to  5°  outboard  from 
vertical,  thus  applying  an  inboard  (and  out-of-plane)  load  com¬ 
ponent.  This  is  in  accord  with  proposed  new  criterion  No.  9. 
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Figure  23.  Cross  Section  of  Modified  Design  Box  Step. 
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Figure  24.  Test  Setup  on  Box  Step. 


Figure  25.  Close-Up  View  of  Box  Step  Test. 
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TEST  PERFORMANCE  AND  FINDINGS  -  FUSELAGE  BOX  STEPS 


CURRENT  AND  REDESIGNED  COMPONENTS 


The  loading  device  was  set  up  on  the  left-hand  side  of  the  test 
fuselage  to  test  the  current  design  step.  The  load  level  was 
adjusted  to  200  lb  and  the  test  commenced. 

At  the  end  of  each  5,000  load  cycles,  the  step  area  was  thor¬ 
oughly  inspected  for  evidence  of  damage.  The  step  accumulated 
40,000  cycles  of  loading  at  the  200“lb  load  level  with  no  evi¬ 
dence  of  wear  other  than  scuffing  of  the  paint  finish. 

The  test  mechanism  was  transferred  to  the  right-hand  side,  and 
the  same  test  was  performed  on  the  modified  box  step.  The  in¬ 
spection  procedures  were  repeated  after  each  5,000  load  cycles, 
and  additionally  after  40,000  cycles  the  redesign  doubler  was 
carefully  removed  for  inspection  of  underlying  structure. 

Again,  nothing  more  than  paint  scuffing  was  observed. 

The  test  was  repe? ced  at  the  250-lb  load  level  on  the  current 
design  step.  After  20,000  load  cycles,  a  1/8-in. -diameter 
rivet  in  a  small  attachment  clip  was  observed  to  be  loose. 

This  rivet  was  replaced  and  the  test  continued  to  40,000  cycles. 
No  other  damage  was  discovered. 

The  modified  step  was  also  subjected  to  the  250-lb  load  cycling 
and  no  damage  was  discerned. 

Finally,  both  steps  were  subjected  to  40,000  cycles  of  loading 
at  the  300-lb  level,  and  once  more,  no  damage  was  discovered. 

Findings  and  Conclusions 

After  the  current  and  modified  design  steps  had  each  been  sub¬ 
jected  to  40,000  cycles  of  loading  at  the  three  load  levels  of 
200  lb,  250  lb  and  300  lb  with  no  failures  in  either  component, 
it  was  reluctantly  concluded  that  continuation  of  this  test  at 
any  higher  level  of  loading  would  not  be  entirely  reasonable. 

It  is  postulated  that  the  field-experienced  failures  (which 
were  not  corroborated  in  this  test)  resulted  from  the  following 
causes : 


1.  Corrosion  between  the  fuselage  skin  and  the  step 

structure  weakens  the  step  area.  This  was  not  simu¬ 
lated  in  the  test  program. 
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2.  Some  unforeseen  large  component  of  inboard  load  is 
frequently  applied  to  the  step  area  during  service 
use.  Note  that  the  modified  design  step  was  subjec¬ 
ted  to  a  loading  which  was  4°  to  5°  off  vertical,  thus 
inducing  a  small  inboard  load  component. 

In  summary,  this  test  corroborated  neither  the  field  experience 
with  the  steps  nor  the  validity  of  the  new  criteria. 
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FAILURE  MODE  AND  EFFECTS  ANALYSIS  FOR  SECONDARY  STRUCTURES 


GENERAL 


The  Failure  Modes  and  Effects  Analysis  (FMEA)  is  a  basic  ana¬ 
lytical  tool  for  design  evaluation  and  reliability  improvement. 
The  usual  objective  of  an  FMEA  is  to  highlight  critical  failure 
areas  of  a  given  design  that  ha*/e  a  serious  effect  on  success¬ 
ful  completion  of  the  designated  mission  and  on  crew  safety, 
so  that  susceptibility  to  these  failures  may  be  removed  from 
the  system.  In  this  investigation,  the  purpose  of  the  FMEA 
is  to  determine  whether  the  analysis  correlates  with  service 
experience  on  the  selected  components  and  thus  the  usefulness 
of  specifying  FMEA  for  new  design  of  selected  secondary  struc¬ 
ture  components.  The  analysis  consists  of  methodically  item¬ 
izing  and  evaluating  components  of  the  selected  units  in  terms 
of  potential  failures,  based  on  empirical  knowledge  of  the 
hardware  design.  If  the  weakness  or  limitations  of  existing 
hardware  can  be  pinpointed  by  following  this  analytical  ap¬ 
proach,  then  the  FMEA  technique  may  be  useful  in  directing 
appropriate  engineering  attention  toward  improving  critical 
reliability  areas  of  new  secondary  structure  designs. 

METHODOLOGY 

The  methodology  followed  in  performing  the  FMEA  is  shown  sche¬ 
matically  in  the  workflow  diagram  of  Figure  26.  A  functional 
analysis  of  each  selected  secondary  structure  unit  is  coupled 
with  empirical  knowledge  of  the  design  and  detailed  drawings 
of  the  unit  and  its  components  to  provide  the  basis  for  prepar¬ 
ing  a  reliability  block  diagram.  The  reliability  block  diagram 
is  essentially  a  logic  chart  showing  the  systematic  arrangement 
of  subassemblies  and  components  of  the  unit  that  must  operate 
successfully  in  order  for  the  unit  to  perform  its  design  func¬ 
tion.  These  diagrams  aid  in  itemizing  the  component  parts  of 
the  design,  as  well  as  isolating  those  components  whose  opera¬ 
tion  is  critical  to  the  functional  capability  of  the  design 
and  eliminating  from  the  analysis  those  compor: -'nts  wnich  are  of 
minor  importance  relative  to  reliable  performance  of  the  unit. 

Once  the  critical  components  are  isolated  and  itemized,  the 
analysis  evaluates  each  of  these  in  turn  to  establish  possible 
modes  of  failure,  cause  of  failure,  effect  of  failure  on  opera¬ 
tion  of  the  unit,  and  an  estimate  of  the  relative  frequency  of 
occurrence  of  likely  failure  modes.  The  analysis  also  develops 
and  exposes  the  types  of  failures  that  can  occur  for  the  sec¬ 
ondary  r  ructure  unit  and  its  subasse nblies .  These  can  include 
pure  failures,  such  as  overloads  causing  structural  failure, 
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as  well  as  failures  due  to  the  operating  environment  such  as 
extreme  heat,  cold,  ice  and/or  dirt,  likely  abuse  resulting 
from  location  on  the  aircraft,  and  secondary  failures  due  to 
the  effects  of  other  components  or  the  presence  of  oils,  acids 
or  other  corrosive  agents. 

The  FMEA  data  are  tabulated  using  a  standard  format  developed 
specifically  f^r  this  purpose.  The  types  of  information  re¬ 
ported  are  as  follows: 

1.  Part  Name,  Part  Number  -  Each  component  is  given  a 
line  entry  using  the  identification  and  description 
given  on  the  applicable  drawing  or  parts  list. 

2.  Assumed  Failure  -  The  most  likely  failure  modes  are 
indicated.  For  each  component,  every  reasonable  pos¬ 
sible  failure  mode  is  considered. 

3.  Possible  Cause  -  The  probable  or  most  likely  causes  of 
each  assumed  failure  are  identified. 

4.  Failure  Effect  -  The  effect  upon  both  components  per¬ 
formance  and  unit  operation  due  to  the  indicated  fail¬ 
ure  mode  is  identified.  Particular  notice  is  taken  of 
any  sequential  effects  that  might  be  induced  by  the 
failure  mode  under  consideration. 

5.  Detection  Method  -  An  indication  of  how  the  failure 
can  be  detected  is  given,  such  as  visual  inspection, 
unusual  vibration,  noise,  etc. 

6.  Compensating  Features  -  Any  compensating  design  fea¬ 
tures  or  inspection  techniques  available  to  counteract 
the  effect  of  a  failure  are  listed. 

7.  Criticality  Code  and  Failure  Class  -  Failures  are 
categorized  as  to  probable  effect  on  safety  and 
mission  success,  and  analyzed  qualitatively  as  to 
probability  of  occurrence. 

The  following  code  is  used  for  defining  criticality  in  accord¬ 
ance  with  MIL-STD-882: 

Category  I  -  Safe  -  Little  or  no  performance  degradation 

but  requires  corrective  action  during  routine  maintenance. 

Category  II  -  Marginal  -  Some  performance  degradation  and 

possible  mission  abort  without  major  damage  or  injury  to 

personnel . 
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Category  III  -  Critical  -  Mandatory  Abort  -  Potential 
injury  to  crew  and  material  damage  to  aircraft. 

Category  IV  -  Catastrophic  -  Potential  fatalities  and 
probable  loss  of  aircraft. 

The  following  subjective  classifications  are  used  to  provide 
a  qualitative  estimate  of  the  probability  of  occurrence  of 
failures : 

A  -  Probability  of  failure  is  much  higher  than  normal. 

B  -  Probability  of  failure  is  above  normal. 

C  -  Probability  of  failure  is  normal;  failures  are  rare. 

D  -  Probability  of  failure  is  below  normal;  failures  are 

not  expected  in  service. 

In  general,  component  parts  of  a  well-designed  unit  are  ex¬ 
pected  to  exhibit  failure  frequencies  grouped  within  the  C  and 
?  classifications.  Although  A  or  B  failure  classifications 
might  be  assigned  occasionally  to  one  or  two  critical  compon¬ 
ents  of  a  design  subjected  to  severe  use,  these  classifica¬ 
tions  usually  indicate  an  inherent  design  inadequacy  or  weak¬ 
ness,  or  suggest  some  deficiency  in  the  component  itself. 

In  addition  to  these  frequency  of  occurrence  estimates,  each 
assumed  failure  is  categorized  as  to  time  dependency  using  the 
following  code : 

R  -  The  failure  is  random  in  nature  and  is  assumed  to  be 
independent  of  the  total  operating  time. 

T  -  The  failure  is  time-dependent  and,  therefore,  is  ex¬ 
pected  to  occur  with  increasing  frequency  as  the  oper¬ 
ating  time  increases. 

As  a  result  of  the  failure  modes  and  effects  analysis,  all  types 
of  failures  that  might  occur  for  the  selected  secondary  struc¬ 
ture  units  and  their  components  are  exposed  and  tabulated. 

From  this  it  is  possible  to  develop  a  qualitative  estimate  of 
critical  component  failure  occurrences.  The  predicted  fail¬ 
ures  of  the  FMEA  can  then  be  compared  to  reported  actual  in- 
service  failure  data. 

If  good  correlation  is  obtained  between  predicted  and  actual 
failures,  the  effectiveness  of  this  method  for  predicting  pri¬ 
mary  failure  modes  of  secondary  structures  will  have  been 
demonstrated.  On  the  other  hand,  if  only  moderate  or 
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unsatisfactory  correlation  is  obtained,  it  should  be  possible 
to  understand  the  reasons  for  any  lack  of  validity  of  the  FMEA 
and  to  apply  this  understanding  to  future  analyses  of  new 
designs . 

Initially,  consideration  was  given  to  predicting  quantitative 
values  of  component  failure  rates  for  the  secondary  structure 
items  evaluated  during  the  program.  However,  this  approach 
was  eventually  discarded  because  of  the  very  limited  statisti¬ 
cal  data  base  of  mechanical  component  failures  and  the  exten¬ 
sive  analysis  required  to  compute  failure  rates  whose  validity 
could  not  be  readily  verified. 


SELECTED  SECONDARY  STRUCTURES 


Two  secondary  structure  items  of  the  H-2  helicopter  have  been 
selected  for  detailed  evaluation:  the  pilot/rescue  door  and 
the  fuselage  box  step.  The  pilot/rescue  door  has  experienced 
a  relatively  high  incidence  of  in-service  damage/failure  re¬ 
ports  and  is  a  frequent  cause  of  aircraft  grounding  because 
of  its  required  rescue  function.  For  these  reasons,  this  door 
unit  offers  the  greatest  potential  for  a  detailed  failure  modes 
and  effects  analysis  among  all  H-2  secondary  structures.  The 
fuselage  box  step,  on  the  other  hand,  is  considered  to  be  the 
only  suitable  non-door  H-2  secondary  structure  subjected  to 
severe  service  use. 

The  reliability  block  diagram  prepared  for  the  pilot/rescue 
door  unit  is  shown  in  Figure  27.  For  the  purposes  of  this 
investigation  the  door  unit  has  been  divided  functionally  into 
three  basic  assemblies:  the  handle/latch  assembly,  the  upper 
roller  assembly,  and  the  lower  roller  assembly.  A  fourth 
assembly  of  the  door  unit  which  includes  the  door  structure, 
windows,  and  seals  was  not  evaluated  during  this  program  and 
has  been  omitted  from  the  reliability  block  diagram.  A  fail¬ 
ure  modes  and  effects  analysis  has  been  performed  for  each  of 
the  three  pilot/rescue  door  assemblies  indicated  in  Figure  27. 
In  addition,  separate  FMEA '  s  have  been  prepared  for  two  criti¬ 
cal  subassemblies:  the  door  jettison  subassembly  and  the  lan¬ 
yard  subassembly. 

Figure  28  shows  the  reliability  block  diagram  constructed  in 
preparation  for  the  box  step  assembly  FMEA.  Only  the  box  and 
the  step  are  critical  to  proper  functioning  of  the  assembly. 
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HANDLE/LATCH  ASSEMBLY 


Figure  27.  Pilot  Rescue  Door  Reliability  Block  Diagram 


RELIABILITY  ANALYSIS  RESULTS 


Handle/Lock  Assembly 

A  detailed  parts  breakdown  of  the  pilot/rescue  door  handle/ 
lock  assembly  is  shown  in  Figure  29.  For  convenience  in  con¬ 
ducting  the  analysis,  the  assembly  was  divided  into  four  func¬ 
tional  subassemblies.  Tables  II  through  v  present  detailed 
parts  lists  for  each  of  the  four  subassemblies,  indicating  the 
criticality  code,  failure  probability  class,  and  failure  type, 
as  well  as  denoting  those  parts  which  are  critical  to  the  suc¬ 
cessful  operation  of  the  handle/lock  assembly.  The  failure 
modes  and  effects  analysis  (FMEA)  was  performed  at  the  compon¬ 
ent  level  for  all  parts  critical  to  assembly  operation.  The 
results  of  this  analysis  are  shown  in  Table  VI. 

These  data  have  been  used  to  obtain  a  rough  quantitative  est¬ 
imate  of  the  percentage  of  expected  failures  associated  with 
each  of  the  assumed  failures  tabulated.  This  was  accomplished 
in  the  following  manner: 

1.  All  assumed  failures  wer=  grouped  into  four  general 
categories . 

Broken/Bent  Parts 
Misaligned/Worn  Parts 
Corroded/Unlubricated  Parts 
Loose  Parts 

2.  Each  assumed  failure  entered  in  the  FMEA  table  was 
weighted  according  to  the  failure  probability  class 
assigned  to  that  entry,  with  a  weight  of  one  for 
class  C,  two  for  class  B,  four  for  class  A  and  one-half 
for  class  D  (each  failure  probability  class  is  given 
twice  the  weight  of  the  next  lower  class)  . 

3.  In  cases  where  the  assumed  part  failure  indicated 
might  possibly  be  caused  by  a  preliminary  undetected 
failure  of  another  part,  such  as  a  bent  part  resulting 
from  a  misaligned  part  in  the  linkage,  the  weighted 
value  for  that  table  entry  was  divided  between  the 
two  failure  categories  involved. 

4.  The  sum  of  the  weighted  values  for  each  failure  cate¬ 
gory  was  divided  by  the  sum  of  the  weighted  values 

of  all  failures  listed  in  the  FMEA  table  to  evaluate 
the  fraction  of  total  assumed  failures  falling  within 
each  of  the  four  categories. 
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5.  It  was  assumed  that  the  tabulated  failures  account  for 
approximately  67  percent  of  all  failures  that  would  be 
experienced  in  actual  operations,  so  that  the  percent¬ 
age  of  total  assembly  failures  predicted  for  each  of 
the  four  failure  categories  is  the  product  of  this  67 
percent  and  the  fraction  of  assumed  failures  falling 
within  the  category.  Primary  failure  modes  usually 
account  for  60  to  70  percent  of  total  failures  reported 
in  field  data. 

Using  this  procedure,  the  following  predicted  values  were  com¬ 
puted  for  the  most  probable  causes  of  operational  failures  of 
the  handle/lock  assembly: 


Broken/Bent  Parts  .  33% 

Misaligned/Worn  Parts  .  23% 

Corroded/Unlubricated  Parts  . .  8% 

Loose  Parts  . .  3% 


Table  VII  presents  an  assembly  level  FMFA  for  the  handle/lock 
assembly  which  was  prepared  on  the  basis  of  the  component 
parts  level  FMEA  of  Table  VI.  Table  VII  lists  functional  fail¬ 
ure  modes  predicted  for  the  handle/lock  assembly  where  the  pos¬ 
sible  causes  tabulated  correspond  to  the  assumed  parts  failures 
of  Table  VI.  It  is  seen  in  Table  VII  that  the  most  probable 
mode  of  failure  for  the  handle/lock  assembly  is  binding  of  the 
mechanism,  with  jamming  of  the  mechanism  and  extensive  slop  in 
the  mechanism  also  being  important  failure  modes. 
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Figure  29.  Parts  Breakdown,  Handle/Latch  Assembly. 
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DETAILED  PARTS  LIST  -  PILOT  RESCUE  DOOR 
HANDLE/LATCH  AND  AFT  HANDLE 
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TABLE  V.  DETAILED  PARTS  LIST  --  PILOT  RESCUE  DOOR 
HANDLE/LATCH  AND  AFT  LATCH 


w 

rH 

(0 

•H 

as 

OS 

rH 

fu 

U 

rH 

43 

•H 

0 

as 

P 

Cn 

pu 

P 

<u 

■H 

T3 

P 

0 

U 

U 

P 

o  42 

o 

• 

to 

o  w 

Z 

C 

O 

■H 

P 

& 

■H 

P 

O 

cn 

Q) 

Q 

P 

P 

(0 

Oh 


P 

c 

<D 

XS 


•P 

P 

tO 

PH 

P 

rH  C 

(0  a) 
v  a 
•H  O 
P 
•H 


e 

8 


QQQOQQQQQQUUUOQQQDQQQOQQOQUQQU 


HHHHHHHHHHHHHHHHHHHHHHHHHHHMHH 
H  HH  HHHHHHHH  HHHHHHH  HHHH  HH 


rSCslHHr'JHHHr'IHrl  HHHrlrHHNHrlrtHrlHHHHHHH 


<U 


P 
2  a> 
a>  42 
p  tn 
a  to 
w  2 


-p 

10 

•H 

no 

Cn  tn 

rO 

TJ 

'O 

c 

(2 

(2 

X) 

(2 

0) 

to  w 

•H 

•rH 

(0  w 

p 

a) 

-P 

-P 

Q) 

p 

P 

p 

52  T3 

U 

U  P 

32 

'S 

<D 

to 

as 

0 

0) 

a)  oj 

0 

(1) 

-P 

rH 

-p 

-P 

PS 

{2 

C  -P 

P 

P2 

* 

-P 

a 

pH 

-p 

<0 

C 

P2  -P 

10 

C 

(0 

M 

0 

rH 

* 

•o 

0 

0  0 

rH 

■0 

i0 

rH 

P 

Cn 

u 

P 

tn 

cn 

(2 

u  u  o 

P 

pH 

cn 

C 

P 

p 

PH 

<u 

* 

P2 

P 

0) 

•H 

P  W 

a) 

•r 

-p  pa 

U 

<5 

rH 

42 

-rl 

a) 

* 

42 

* 

> 

a) 

42 

* 

K 

K 

a> 

H  P  42 

43 

O 

P 

42  42 

c 

(0 

>2 

(5  -P 

>  TJ  T3  TJ  C 

tn 

£2 

0) 

p 

>  TJ 

H  rH 

in 

P 

3 

P 

rH 

W 

(0 

■H 

10 

•H 

H  O 

■H  O 

0 

O  -H 

as 

•H 

rH 

3 

•H  O 

a)  o 

as 

3 

O 

to 

O 

3 

to 

Oh 

2 

U  Z  02  02 

P$ 

02  pu 

2 

Ck 

u 

Z  02  « 

mm2: 

Z 

a 

m 

PQ 

IS 

^Tinvor'OoatoHCNroTyinvo 
vovovovDV£>vDr^r'r^r'r>r'r^ 
l  l  l  i  I  I  ■  i  l  i  I  l  l 
COCOOOOOOOOOCOCOOOOOCOCOOO 


r'OocriOrHtNro'a'Lnvot^ 
r^r-r'oocoooooooooooao 
i  I  I  I  l  l  l  l  l  i  l 
CDCOCOOOOOCOOOCOOOCOCO 
rlrlrlrlrlrlrlHrlrlH 


*  * 


83 


8i 

0  C 

*  0 

0  H  . 

X  • 

»M  P-1  U 

4J 

*W  h 

& 

M  0  X  7 

tk 

•H 

O  0 

4J 
U  «-4 
0  3 

H 

a  n 

*>  *o 

«HO 

fl  >10 

Q  -*  U  *H  0 

4»  0 

0  0 

0H 

• 

0  0  0 

•H  0 

0  0 

OHKVH  C 

0  u 

0 

■o  > 

C  HH  £  U  4» 

*•  >  •« 

*•  e  *o 

■0  «*  0  0  -H 

0  C 

0  U 

■*< 

»  « 

V 

■W  H 
■H 

0  0  U 

M  D.« 

0  0  0 

0  0  0 

*  >  0 

O'  Wl  V  4J 

U  0 
b  C 

U 

Q  0 

C  0  4J 

H  » 

m  u  o 

U  0  4* 

•O  ti  U 

C  0  0  0  0  0 

O  0 

6  u 

■*4  ^ 

«  • 

0 

3  ^ 

•H  H  0 

•H  *-«  0 

■H  H  ii  H  H  U 

U  +> 

3 

V 

u  u 

3  C  *H  *-<  M  « 

« 

«T3  M 

•0  *0  c  TJ  4J  -H 

c 

0  <H 

o  c 

£.8 

•  0 

0  0 

V  C  0 

4J  G  0 

Hfi3C^T) 

U  -H 

U  -H 

5  to 

•W  -H 

0  0O> 

30a 

3  0  0 

0  0  0  0  0  c 

0  0 

0  0 

H  £ 

0  •o 

>  V 

>  Tj  -H 

O  £  0 

0X0 

XXOEU-himE 

1 

• 

u 

I 

8  3 

O 

U  U  0  -H 

TJ  • 

0 

0 

u  to  «H 

0 

ll  0  H  J 

0  0 

a 

0 

«M  0X  C 

C 

0»-C  *i 

C  *4 

o 

o 

«  0  0  *0 

0 

c  *>  c  c  w 

0  ^3 

X 

C  3V-HH 

Si 

-h  0  0  0  0 

a  c 

o 

0  X 

0  0  0  4>  3  • 

0 

>  o 

O  0 

4> 

u 

■H  U  ^  0  0  0 

6uo  0 

X 

0  0 

to  v  u  o  u 

0 

H  c  V  E  ki 

4i 

0  «H 

C  E  0  X  3 

2  • 

#H  0  0  3 

Z  m 

3 

0  3h<hvh 

0 

0  0  N 

3 

0  *4 

4i  •+  *0  >  X 

4i  TJ 

*i  4»  c  •*« 

4»  41 

U 

O  0 

C  C  O'  0 

0  •* 

•  M  C  0  O 

O  0 

%4  0  0  «M 

C  M 

Jf  -H  0  X  0 

c  «-♦ 

*4 

NhE 

OXX  •  »H 

C  *J 

0  TJ  C  U 

c  -« 

0  0  to 

U  >*IM  x 

«  3 

0  -H  O  M 

0  a 

■H 

J!  a  -h 

HtlCH  O 

0  0 

*4  *  e  e  o 

o 

TJ 

>  c 

to  E-^  X  O'** 

w  0  0 

O' 

0 

>  6  C  0 

u  £ 

^  tl*>  J<H  • 

u  c 

U 

•  0  X 

Q  M  Q.O  -*r4 

0  0 

0  4J  C  U  O' 

O  -H 

O 

0  >  0 

I  0  0  to  U 

p  u 

0  0  0  O  0  c 

2  m 

0 

4J  0 

S  OH  0  3  0 

0  %4 

W  >  o  .-4  4*  -H 

a  s 

a 

0  0  E 

a  ^  •  0  ■o  4» 

T1  -H  0 
o  to 

0  «0  -H 

0  c  £ 
o  0 

(I 

tr 

*  X  0  • 

U  O'.*  V 
0  3  C  C 

&  °~  £ 


84 


85 


87 


Upper  Roller  Assembly 

Figure  30  shows  the  detailed  parts  breakdown  of  the  upper 
roller  assembly,  consisting  of  the  forward  roller/bracket  sub- 
assembly  and  the  aft  roller/bracket  subassembly.  Close  exam¬ 
ination  of  Figure  30  reveals  that  the  two  subassemblies  are 
identical  except  for  the  support  brackets  and  the  serrated 
washers  used  with  the  aft  bracket  to  allow  vertical  door  ad¬ 
justment.  This  commonality  of  components  is  reflected  in  the 
detailed  parts  list,  Table  VIII,  where  only  one  entry  appears 
for  parts  which  are  used  in  both  the  forward  and  aft  roller/ 
bracket  subassemblies. 

The  results  of  the  component  level  FMEA  are  presented  in  Table 
IX  for  all  parts  judged  critical  to  proper  operation  of  the 
upper  roller  assembly  as  noted  in  Table  VIII.  These  results 
have  been  used  as  the  basis  for  estimating  the  percentage  of 
expected  upper  roller  assembly  failures  attributable  to  each 
of  the  tabulated  assumed  failures,  following  the  procedure 
outlined  previously  in  discussing  results  of  the  handle/lock 
assembly  reliability  analysis. 

The  values  computed  for  the  most  probable  causes  of  operational 
failures  are: 


Broken/Bent  Parts  . ‘. .  30% 

Misaligned/Worn  Parts  .  22% 

Corroded/Unlubricated  Parts  ...  7% 

Loose  Parts .  7% 


An  assembly  level  FMEA  for  the  upper  roller  assembly  is  pre¬ 
sented  in  Table  X  .  The  functional  failure  modes  listed  are 
predicted  for  the  upper  roller  assembly  based  on  the  assumed 
parts  failures  of  Table  IX  .  Loose  rollers  appear  to  be  the 
most  probable  mode  of  failure  for  the  upper  roller  assembly, 
while  broken  rollers  and  rollers  out  of  alignment  are  also 
significant  failure  modes. 
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Figure  30.  Parts  Breakdown,  Upper  Roller  Assembly. 
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Lower  Roller  Assembly 


The  detailed  parts  breakdown  of  the  lower  roller  assembly  is 
illustrated  in  Figure  31.  Because  of  the  predominant  use  of 
identical  component  parts  in  the  forward  and  aft  lower  roller/ 
bracket  subassemblies,  a  combined  detailed  parts  list  was  pre¬ 
pared  covering  both  the  subassemblies  as  shown  in  Table  XI. 

Table  XII  presents  the  results  of  the  component  level  FMEA  for 
the  combined  forward  and  aft  roller/bracket  subassemblies. 

The  estimated  percentages  of  expected  lower  roller  assembly 
failures  for  each  of  the  assumed  failures  listed  in  Table  XII 
are : 


Broken/Bent  Parts  .  26% 

Misaligned/Worn  Parts  .  21% 

Corroded/Unlubricated  Parts  ...  10% 

Loose  Parts  . .  10% 


,phe  lower  roller  assembly  level  FMEA  is  presented  in  Table  XII. 
The  most  probable  functional  failure  modes  for  the  lower 
roller  assembly  are  predicted  to  be  excessive  roller  wear, 
rollers  out  of  adjustment,  and  broken  rollers. 
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Figure  31.  Parts  Breakdown,  Lower  Roller  Assembly. 


TABLE  XI.  DETAILED  PARTS  LIST  -  PILOT  RESCUE  DOOR, 

LOWER  FORWARD  AND  AFT  ROLLER/BRACKET  SUBASSEMBLIES 
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Door  Jettison  Subassembly 


Figure  32  shows  the  detailed  parts  breakdown  of  the  door  jetti¬ 
son  subassembly.  The  detailed  parts  list  for  this  subassembly 
is  given  in  Table  XIV. 

Table  XV  presents  the  results  of  the  component  level  FMFA  for 
those  parts  of  the  door  jettison  subassembly  indicated  in 
Table  XIV  as  being  critical  to  proper  operation  of  that  sub- 
assembly. 

The  estimated  percentages  for  the  most  probable  causes  of  op¬ 
erational  failures  of  the  door  jettison  subassembly  based  on 
the  data  of  Table  XV  are: 


Broken/Bent  Parts  .  34% 

Misaligned /Worn  Parts  .  11% 


Corroded/Unlubricated  Parts  . . .  22% 

The  FMEA  of  Table  XV  indicates  that  the  most  probable  causes 
of  door  jettison  subassembly  operational  failures  are  broken 
cables  and  corroded  pip  pins. 


figure  32.  Parts  Breakdown,  Door  Jettison  Subassembly. 
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Lanyard  Subassembly 

The  detailed  parts  breakdown  of  the  lanyard  subassembly  is 
illustrated  in  Figure  33,  while  Table  XII  shows  the  detailed 
parts  list  and  indicates  those  parts  critical  to  proper  sub- 
assembly  operation. 

The  results  of  the  component  level  FMEA  for  the  critical  parts 
of  the  lanyard  subassembly  are  presented  in  Table  XVII.  Based 
on  these  results,  the  estimated  percentages  of  lanyard  fail¬ 
ures  attributable  to  each  of  the  assumed  failures  tabulated 
are : 


Broken/Bent  Parts . .  40% 

Misaligned/Worn  Parts  ...  13% 

Loose  Parts  .  13% 


From  the  FMEA  of  Table  XVII,  the  most  probable  causes  of  oper¬ 
ational  lanyard  subassembly  failures  are  predicted  to  be 
broken  lanyards  and  bent  fittings  due  to  improper  installation 
and  rough  handling. 


Figure  33.  Parts  Breakdown,  Lanyard  Subassembly. 
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Box  Step  Assembly 

The  box  steps  are  built  into  the  side  of  the  fuselage  to  pro¬ 
vide  access  to  the  roof  of  the  helicopter.  Cutouts  in  the 
aircraft  skin  of  sufficient  size  to  accommodate  protective 
footwear  are  bounded  at  the  bottom  edges  by  channel-shaped 
members  bridging  between  adjacent  frames.  These  channel  mem¬ 
bers  provide  the  step  capability.  The  cutouts  are  closed  off 
inboard  by  the  insertion  of  light-gage  metal  shells.  A  hinged 
door  flush  with  the  outer  skin  encloses  the  box  step. 

The  major  parts  of  the  box  step  and  their  identification  num¬ 
bers  as  given  in  Reference  27*  are  listed  in  Table  XVIII.  The 
step  installation  also  includes  numerous  minor  parts  consist¬ 
ing  of  doublers,  fillers,  angles,  clips  and  rivets.  Of  the 
major  parts,  only  the  step  and  the  box  are  considered  to  be 
critical  components  for  proper  performance  of  the  box  step 
function ,  An  FMEA  has  been  performed  for  these  parts,  and  the 
results  are  presented  in  Table  XIX. 

The  estimated  percentages  of  the  most  probable  causes  of  box 
step  failures  are: 


Broken/Bent  Parts  .  22% 

Misaligned/Worn  Paits  .  15% 


Corroded/Unlubricated  Parts  ...  30% 

On  the  basis  of  the  Table  XIX  FMEA,  the  most  likely  failure 
mode  for  the  box  step  assembly  is  predicted  to  be  corrosion 
of  the  step  member. 


♦Reference  £7  :  Kaman  Drawing  K631729  ,  Step  Installation. 
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TABLE  XVIII.  DETAILED  PARTS  LIST  -  FUSELAGE  BOX  STEP 
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COMPARISON  OF  PREDICTED  FAILURES  WITH  DOCUMENTED  FIELD  DATA 


Reference  26*  presents  summary  data  of  H-2  field  service  ex¬ 
perience  which  includes  tabulations  of  actual  percentages  of 
failure  causes  recorded  for  most  of  the  secondary  structure 
assemblies  and  subassemblies  investigated  during  the  reliabil¬ 
ity  analysis.  The  safety  lanyard  is  the  only  subassembly  that 
has  been  evaluated  for  which  no  failure  data  is  giv*_n  in  Refer¬ 
ence  26. 

The  field  data  for  the  handle/lock  assembly,  door  roller  assem¬ 
bly,  door  jettison  subassembly,  and  box  step  assembly  provide 
a  basis  for  comparing  causes  of  failure  predicted  by  the  FMEA 
with  actual  failure  causes  experienced  under  operational  condi¬ 
tions  and  for  evaluating  the  effectiveness  of  the  FMEA  method 
in  highlighting  failure  areas  where  the  application  of  new  or 
modified  design  and  testing  criteria  will  improve  reliability 
and  maintainability. 

To  allow  direct  comparison  of  the  predicted  and  actual  failure 
causes,  the  failure  categories  used  in  Reference  26  were  re¬ 
arranged  somewhat  to  conform  more  closely  to  the  categories 
used  in  the  current  reliability  analysis.  For  example,  the  two 
field  data  categories  of  worn  and  improper  adjustment  were  com¬ 
bined  and  are  reported  here  under  the  misaligned/worn  category. 
The  broken  and  cracked  failure  categories  of  Reference  26  are 
reported  here  under  the  broken/bent  category,  while  the  corrod¬ 
ed  and  lack  of  lube  categories  listed  separately  in  the  field 
data  summary  are  combined  here  and  reported  under  the  corroded/ 
unlubricated  category.  The  Reference  26  data  also  includes 
a  missing-hardware  failure  category.  Failures  attributable  to 
missing  hardware  are  not  readily  predictable  and  were  not  con¬ 
sidered  in  the  reliability  analysis.  For  this  reason,  field 
data  reported  under  the  missing-hardware  category  were  not  used 
in  comparing  the  predicted  and  actual  failure  causes. 

The  handle/lock  assembly  failure  data  presented  in  Table  XX 
show  that  the  FMEA  overestimated  the  percentages  of  failures 
in  the  broken/bent  and  misaligned/worn  categories,  while  pre¬ 
dicting  quite  closely  the  failure  percentages  in  the  corroded/ 
unlubricated  and  loose  categories.  The  overall  correlation  be¬ 
tween  the  two  sets  of  data,  however,  is  judged  to  be  as  good  as 
can  be  expected  using  this  type  of  predictive  analysis.  A  com¬ 
parison  of  the  predicted  and  actual  failure  data  for  the  door 
roller  assembly  (including  predicted  upper  and  lower  roller 
data  summed  and  averaged)  is  shown  in  Table  XXI.  Here  the 


♦Reference  26:  Kaman  Report  R-983,  H-2  ARP  Program, 
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FMEA  slightly  overestimate.!  the  percentage  of  failures  in  the 
broken/bent  category  and  slightly  underestimated  the  percentage 
in  the  misaligned/worn  category.  Data  in  the  corroded/unlubri¬ 
cated  category  compare  quite  closely;  however,  no  field  data 
are  reported  in  the  loose  category.  Overall  correlation  be¬ 
tween  the  two  sets  of  data  is  considered  to  be  quite  good. 

For  the  door  jettison  subassembly  data  given  in  Table  XXII, the 
overall  correlation  is  not  as  good  as  noted  previously  for  the 
handle/lock  and  door  roller  assemblies.  The  FMEA  significantly 
underestimated  the  percentage  of  failures  in  the  broken/bent 
category,  while  strongly  overestimating  the  percentage  of  fail¬ 
ures  in  the  misaligned/worn  category  and  the  corroded/unlubri¬ 
cated  category.  A  possible  explanation  for  this  discrepancy 
between  the  predicted  and  actual  data  is  that  initial  failures 
in  the  corroded/unlubricated  and  misaligned/worn  categories, 
not  detected  as  such  during  routine  maintenance  or  inspection, 
might  eventually  result  in  a  broken/bent  failure  at  some  later 
time  when  jettison  of  the  door  is  attempted.  If  this  is  indeed 
the  case,  then  some  portion  of  the  predicted  corroded/unlubrica¬ 
ted  and  misaligned/worn  failures  would  be  expected  to  appear  as 
broken/bent  failures  in  field  data  reports.  Sequential  fail¬ 
ures  of  this  type  are  quite  possible  in  the  jettison  subassembly, 
since  it  is  an  emergency  mechanism  which  is  not  normally  used  or 
tested  in  day-to-day  operations.  Because  of  this,  failures  in 
the  misaligned/worn  and  corroded/unlubricated  categories  are 
not  easily  detected. 

The  results  of  the  comparison  of  predicted  and  actual  failure 
data  for  the  box  step  assembly,  presented  in  Table  XIII,  show 
discrepancies  similar  to  those  noted  for  the  jettison  subassem¬ 
bly.  In  this  case  the  predicted  percentage  of  failures  in  the 
misaligned/worn  category  is  substantially  larger  than  the  actu¬ 
al  percentage  of  failures  reported  in  Reference  26,  while 
the  predicted  percentage  in  the  broken/bent  category  is  signif¬ 
icantly  smaller  than  the  reported  field  data  percentage.  Here 
again  it  seems  possible  that  failures  in  the  misaligned/worn 
category,  which  go  undetected  in  the  field,  can  result  eventu¬ 
ally  in  broken/bent  failures  if  strict  maintenance  and.  inspec¬ 
tion  procedures  are  not  followed. 

In  summary,  the  comparison  of  predicted  failures  with  documen¬ 
ted  field  data  shows  reasonably  good  correlation  for  actively 
functioning  mechanisms  such  as  the  handle/lock  assembly  and 
door  roller  assembly,  whose  normal  day-to-day  use  provides  an 
almost  continual  opportunity  for  evaluating  the  performance  of 
the  assembly  and  for  detecting  failures,  even  inadvertently  at 
times.  On  the  other  hand,  for  seldom  used  or  passive  mechan¬ 
isms  such  as  the  door  jettison  subassembly  and  the  box  step 
assembly,  the  correlation  of  predicted  and  actual  failures  is 
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fair  at  best,  perhaps  due  to  a  lack  of  strict  compliance  to 
maintenance  and  inspection  procedures  leading  to  more  serious 
failure  modes  in  actual  field  experience. 
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TABLE  XX.  HANDLE/LOCK  ASSEMBLY  FAILURE  DATA  COMPARISON 


Failure  Cause 


Broken/Bent 

Misaligned/Worn 

Corroded/Unlubricated 


Loose 


Percentage  of  Total  Failures 


Analytical  Prediction  Field  Data 


TABLE  XXI.  ROLLER  ASSEMBLY  (UPPER  &  LOWER) 
FAILURE  DATA  COMPARISON 


Failure  Cause 


Broken/Bent 

Mi sa 1 igned/Wor n 

Corroded/Unlubricated 


Loose 


Percentage  of  Total  Failures 


Analytical  Prediction  Field  Data 
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TABLE  XXII.  DOOR  JETTISON  SUBASSEMBLY  DATA  COMPARISON 


Failure  Cause 

Percentage  of  Total  Failures 

Analytical  Prediction 

Field  Data 

Broken/Bent 

34 

50 

Mi sal igned/Wor n 

11 

6 

Corroded/Unlubricated 

22 

8 

TABLE  XXIII.  BOX  STEP  ASSEMBLY  DATA  COMPARISON 

FAILURE  CAUSE 

Percentage  of  Total  Failures 

Analytical  Prediction 

Field  Data 

Broken/Bent 

22 

33 

Misaligned/Worn 

15 

2 

Corroded/Unlubricated 

30 

34 
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RELIABILITY  ANALYSIS  CONCLUSIONS 


Correlation  between  causes  of  failure  in  secondary  structures 
predicted  by  failure  mode  and  effects  analyses  and  causes 
actually  experienced  in  service,  including  the  relative  fre¬ 
quencies  of  occurrence  of  these  failures,  is  reasonably  good 
considering  the  lack  of  any  historical  component  data  upon 
which  to  base  the  predictions.  The  analysis  shows  that  the 
FMEA  technique  can  be  used  effectively  in  the  evaluation  of 
new  designs  for  predicting  primary  failure  causes  and  high¬ 
lighting  weaknesses  in  the  design  where  further  refinement 
and  functional  testing  can  provide  an  improvement  in  reliabil¬ 
ity. 

A  general  requirement  for  FMEA 1 s  in  a  secondary  structure 
specification  would  be  useful  as  part  of  an  overall  reliability 
review  of  a  new  design  concept.  However,  requiring  the  predic¬ 
tion  of  quantitative  values  of  failure  rates  and  MTBF ' s  would 
involve  a  significant  analytical  effort  which  may  not  be  justi¬ 
fied,  in  many  cases,  due  to  the  limited  data  bank  of  statistical 
mechanical  component  failure  data  and  the  questionable  validity 
of  these  data.  Thus  it  is  concluded  that  the  insight  gained 
through  the  FMEA  can  be  valuable,  but  failure  rate  prediction 
may  provide  only  a  small  additional  payoff  in  design  improve¬ 
ment  for  a  relatively  large  increase  in  level  of  effort. 
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SUMMARY  OF  OPERATIONAL  AND  MAINTENANCE  OVERHAUL  DATA 
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